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Modern photography is everything, a hobby, a business and a scientific 
or artistic occupation. Pictures taken by photographers are introduced to 

the public in a constant stream by the daily newspapers, weeklies and 
periodicals. There are few manufacturers who do not have their own photo

graphic departments where research is carried out to improve their prod
ucts. Steel and other metals are tested photographically, the great oil 

concerns send their photographers all over the world, and in criminology 
photography has played a decisive role more than once. 

I t is an indisputable fact that photography is ubiquitous and plays a 
tremendous part in our daily life. Apart from its applicatiDns in modern 

science and business, photography has always been a favorite with the 
amateurs whO' have chosen it as a hobby for their leisure hours. 

In the practice Df this pastime, amateurs of all ages have striven to trans

late their creative ideas into visible forms; it is this endeavDr, pursued 
without thought of monetary galn and simply fDr its own pleasure, that 
produces work of quality. 

* 
The greatest gain derives from the endeavor to achieve mastery, although 

gDod . craftsmanship has its own well-deserved place. We old "miniature 
men" found nothing but the bare ABC of photography when we began our 

work with our good DId 9 x 12 cm (3 1/ 4 x 4 3/ 4 in.) cameras. For decades 

we had to work out, evolve and invent everything by Durselves, even our 

Dwn literature, but that served us in good stead. Having been photO' 

enthusiasts ourselves, we know where the shoe pinches and that - most 

Df all- we lack one thing: time! Thus we must be brief, precise and to

the point. Whe have alsO' to' bear in mind that there is a man behind the: 
camera and we should not frighten him away. 

* 
The remarkable advance in film Tnanufacture during the last few years 

must be mentioned. The f i I m s now have a considerably thinner coating,. 

have a better resolution and a finer grain. The representation of color in 

terms of grey tones has been improved and developing times are shorter. 
Fine grain is no longer a problem and the conventional fine-grain devel-· 

Dpers will now satisfy even the most exacting demands. All this means a 

new phase in the development of photography. H. Windisch 

* 
To serve English speaking amateur photographers, every effort has been 

made to present English and American viewpoints, devices and chemical 

names. This second English editiDn has been revised in Drder to provide a 
truly international " Manual of Modern Photography". Progress, however, 

is so rapid nowadays that the most recent inventions may not have been 

mentioned. T he Translator 
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When commercial products are mentioned or illustrated in this book, they 

are only used as examples and no estimate is made of their relative value. 
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Principal 
negative sizes 

1 5/8X2 1
/ 4 in. 

(4.5 x6 cln) 

21/4 X 21/4 in. 
(6x6 cm) 

24x36 
mm 

8xII 
mm 

24x24 
mm 



Minox 

Rohot 

Principal 
camera types 

up to 21/4 X 21/4 in. (6x6 em) 

Leica, Contax, Retina etc. 
(Miniature Types) 

Super-Ikonta 

Type Rolleiflex etc. 
(Twin-lens reflex type) 

9 



Pacemaker Speed Graphic 4x5 inch. 

Characteristics of Principal Camera Types 

Ultra-.lDiniature eaDJ.eras 

10 

In 1937., the Minox, the first modern 
precision built ultra-miniature ca
mera., using a narrower film than 
the regular perforated 35 mm one., 
was released in Riga., Latvia. At 
present there are more than 30 
ultra-miniature cameras on the 
market. 

Due to their limitations they will 
never enter into serious competi
tion with the larger types., but they 
are candid cameras in the true sense 
of the word. Contrary to wide 
spread belief they do not serve 
sinister purposes only. As far as 
precision is concerned., they can 
hold their own; many are equipped 
with interchangeable lenses and a 
whole range of auxiliary equipmen"l. 
Perfection in the manufacture of 
fine grain and fast films have open
ed new vistas for the ultra-minia
ture camera fans. 

Special Minox films in various 
speeds including I(odak Tri-X and 
color films are available. Space per
mits to mention but a few "mid
gets"'. The Gami (Italy) has a pic
ture size of 17 x 10 mm on unper
forated 16 mm film and 17 x 10 mm 
on perforated movie film. It mea
sures 4 1/ 2 x 2 3116 X 1 in. and weighs 
10.7 oz. Its lens is capable of ex
treme high resolution. It permits 
three rapid sequence exposures 
without rewinding. 

The Mamya Super 16 (Japan) 
utilizes 16 mm film to produce a 
12 x 12 mm format. It measures 
11/S x 3/4 X 11/S in. and weighs 6.3 oz. 

The Mikroma (Czechoslovakia) uses 
16 mm film for a 11 x 14 mm format. 
It produces negatives of sufficient 
resolution for 12 x magnification. It 
measures 27 /s X 11/2 X 11/2 in. and 
weighs 4.5 oz. The Minicord 
(Austria) manufactured by Goerz 
utilizes 16 mm motion picture film 



and produces a 10 x 10 mm format. 
It measures 4 1/ 8 x 2 3/ 8 X 1 1/ 1G in. 
and weighs 12.2 oz. For focusing it 
uses a matched viewing lens above ' 
the taking lens. 

The Minox III S (Western Ger
many) , the veteran of the ultra
miniature cameras has a picture size 
of 8 x 11 mm. It measures 5/sx lx3 in. 
and weighs 2.69 oz. It has an auto
matic simultaneous shutter winding 
and film transport and a wide range 
of special accessories like tanks, an 
enlarger and a slide projector. 

Miniature eaID.era8 24x361DDl. 

Modern mInIature photography 
started in 1927 when Barnack creat
ed the Leica, manufactured by Ernst 
Lei tz in W etzlar. This new trend 
towards handier cameras gained 
ground but slowly during the first 
years because, at this time, filIns 
had too coarse a grain and no con
certed guidance was available to 
the amateur. Decisive progress was 
made when the Perutz firm in 
Munich produced a fine grain film 
and consequently, when fine grain 
developers appeared on the market. 

The fine grain and slow speed of 
some European films like Agfa Iso
pan, IIford Pan F , Perutz Pergrano 
and Schleussner Adox together with 
developers like Rodinal, Edwal 
Minicol, I(odak Microdol, Ansco 
Finex, N eofin Blue and Red, and 
lIford's Microphen allow for big 
size enlargements. Medium speed 
films also give good results when 
rated at half their normal speed 
and given special development. 

The success of the 35 mm camera is 
based upon its compact size, its un
paralleled range of equipment, the 

enormous speed of the lenses, the 
precision method of range-finding 
focusing and the great improvement 
of modern between - lens - shutters. 
Some cameras are fitted with coup
led range-finders, while others have 
to be focused by scale or with the 
assistance of a separate range
finder. 

The shutter setting is usually coup
led with the film winding and there 
is an automatic interlock to prevent 
double exposures and an automatic 
frame counter. Focal-plane shutters 
allow for speeds up to 1/ 1250 seconds 
and are either fully synchronized or 
have a contact for the so-called X
synchronization. Naturally, the small 
negatives require enlarging. These 
cameras fall into three main clas
ses: Those with a single, fixed lens, 
those with interchangeable lenses 
and the miniature reflex cameras. 
We can name but a few of the 
cameras with SINGLE, FIXED 
LENS: 

AGF A: Karat, Silette, Solinette, 
Super Solinette (Western Germany) ; 
ANSCO: Karomat, Super Memar, 
Regent and Super Regent L VS 
(USA); Argus C-4 (USA); Baldi
nette I (Western Germany); BOL
SEY: Model B-2, B-22 Set-o-matic, 
Explorer and Jubilee (USA); Braun 
Gloriette (Western Germany); E di
nex III (Western Germany); Edixa 
Models A, B and Rapid B (Western 
Germany); Graphic 35 (USA); Iloca 
Quick A, B and Rapid B (Western 
Germany); KODAI(: Pony 135 B, 
Pony 828 (format 1 x 1 in.) and 
Signet 35 (USA); Konica I I and 
II-S (Japan); Opema Synchro (Cze
choslovakia); Perlux (Western Ger
many); Realist A and B (USA); Re
gula I A and I B (Western Ger-
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many); VOIGTLANDER: Vitessa, 
Vitessa L, Vito B and Vito I I (We
stern Germany); ZEISS IKON: Con
tina Ia and IIa (Western Germany). 

CAMERAS WITH INTERCHANGE

ABLE LENSES 

These cameras are exceedingly 
adaptable since they have a wide 
variety of accessories and lenses, 
the focal lenghts of which vary 
from 21 mm (Zeiss Biogon) to 
3750 mm (Alpa Reflektar). 

Cameras of this type are: Akarelle 
(Western Germany); Akarex (We
stern Germany); Argus C-3 which 
has a behind the-lens shutter (USA); 
Canon IV-S 2 (Japan); Contax II a 
and III a (Western Germany); De 
Jur D-l (USA); Diax II a (Western 
Germany); Ditto 99 (Western Ger
many), called Finetta in Germany 
and Great Britain, which has a spe
cial rapid sequence feature permit
ting 12 exposures in 5 seconds with
out rewinding; Fed (USSR); Foca 
(France); Futura P. S. and Stan
dard (Western Germany); Kiev 
(USSR); Kodak Retina II A and 
III C (USA); Leica I /, II/and 
III /, Leica M 3 and " 72" Exposure 
Leica (Western Germany); Leotax 
D-4 and D-6 (Japan); Lordomat 
(Western Germany); Minolta 35 I I 
(J apan); Nikon S-2 (Japan); Pa
xette II-M (Western Germany); 
Reid (G. B.); Robot Royal II, Royal 
III and Royal Kuli Installation 
(Western Germany) which have 
autosequence operation, are fully 
automatic and give up to 55 ex-
posures 24 x 24 mm; the I(uli also 
has a 400 shot magazine and can be 
operated by remote control or by 
coupling to any automatic trigger-

ing mechanism; V oigtliinder Promi
nent (Western Germany); Zorky 
(USSR). 

THE MINIATURE REFLEX CA
MERAS, 

due to their great technical im
provement have recently gained in 
popularity. There is no problem of 
parallax. The automatic diaphragm 
allows for focusing with maximum 
aperture of lens; in releasing the 
shutter the lens is closed down to a 
preselected stop. 

A word of caution however! The 
American market has lately been 
flooded with cameras from the 
Eastern Zone of Germany. Accord
ing to Consumers Research Bulletin 
of July 1955, it seems that importers 
have registered their own brand 
names and established their own 
prices. Astraflex, H exacon, Vericon 
and Contax D or S (not to be con
fused with Contax cameras made in 
the Western Zone of Germany and 
marketed by Carl Zeiss Inc. of New 
York) are apparently other names 
for the Pentacon. The Praktika FX 
(not a reflex camera) is the same as 
the Astra 35 F X and as the Rival 
35 MX. 

Among the miniature reflex cameras 
we also have cameras with a single 
fixed lens or with interchangeable 
lenses although the former are in 
the minority. The best known ex
ponents of the first group are the 
Automatic Exa (Eastern Germany); 
the C ontaflex (Western Germany) 
and the Edixa Reflex (Western Ger
many). In the second group we find 
the Alpa 4,5 and 7 (Switzerland); 
Automatic Exacta VX (Eastern Ger
many) with 22 interchangeable len
ses; C orbina (Eastern Germany) , 



which has a spring attachment per
mitting 15 successive exposures to 
be made by merely pressing the 
shutter release. It also has a 60 foot 
film cassette providing 480 ex
posures without reloading; Meca
flex (Western Germany) negative 
size 24 x 24 mm; Periflex (G. B.); 
Rectaflex Standard and Rectaflex 
Rotor (Italy); the latter has a three 
lens-turret with a wide-angle tele
photo and normal lens; Wirgin 
Komet Practiflex (Western Ger
many); Wrayflex (G. B.) and the 
Zeiss Ikon Contaflex I and II (We
stern Gernlany). 

The 1 3
/8 X 21/4 in. (4.5x6 em.) 

cam.eras 

are roll film cameras that are small 
enough to fit into the pocket. Came
ras of this type are the Ensign 
Autorange 16/20 and Ensign Selfix 
16/20 (G. B.); Pearl (Japan) and 
the Zeiss Super Ikonta A (We
stern Germany). 

The 2 1/4X 21/4 in. (6x6 em.) 
cam.eras 

taking 12 exposures on 120 film are 
nowadays favored by the amateur 
who wants to combine small camera 
dimensions with a picture large 
enough for the album and with 
economy in use. Here again we have 
three different types of cameras : 
the twin lens reflex camera, the 
folding roll film camera and the 
single lens reflex camera. 

THE TWI1V LENS REFLEX 
CAMERA 

The Rolleiflex system, first intro
duced in 1928 by Franke & Heid
ecke and using one finder lens over 

one taking lens has been copied 
all over the world. In these cameras 
we have to reckon with the factor 
of parallax that is the difference in 
view between the taking and the 
viewing lens. However, most came
ras now have parallax compensation. 
Cameras of this type are: Aires 
Automat C and N (Japan); Ansco 
Automatic Reflex (USA); Delmonta 
(Western Germany) ; Graflex 22 
(USA); Kodak Reflex (USA); 
Mamyaflex Automatic (Japan); Pho
tina Reflex (Western Germany) ; 
Ricohflex (Japan); Rolleicord and 
Rolleiflex Automatic (Western Ger
many); Rocca Automatic (Western 
Germany) ; Semflex Octomatic 
(France); Zeiss Ikon Ikoflex (We
stern Germany). The Tele-Koniflex 
(J apan) has an interchangeable 
telephoto lens. 

THE FOLDING ROLL FILM 
CAMERAS 

in this negative size are being intro
duced in steadily increasing num
bers, although the square format 
has been severely critisized. 

Among cameras of this type are: Agfa 
Isolette and Super Isolette (Western 
Germany); Ansco Super Speedex 
(USA); Baldax (Western Germany); 
Braun Gloria 6/6 (Western Ger
many); Dacora (Western Germany); 
Ensign Selfix 12/20 (G. B.); Kodak 
Chevron (USA); Mamya (Japan); 
Schleussner Adox Golf and Range
finder Golf (Western Germany); 
Voigtlunder Perkeo I and E (We
stern Germany); Zeiss Super Ikonta 
B and I I I (Western GeFmany). 

The third type of a camera in this 
category is the SINGLE LENS 
REFLEX CAMERA; 
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it has interchangeable lenses, is 
equipped with a synchronized focal
plane shutter and has all the fea
tures of a field camera with regard 
to focusing and different focal 
lengths. However, it IS usually 
rather bulky. 

The most comprehensive of these 
cameras is the Hasselblad (Sweden) 
with interchangeable roll film maga
zines that provide for an instant 
change from one type film to 
another. The shutter works up to 
1/ 1600 seconds. 

Other cameras of this type are: 
Agiflex (G. B.); Exacta 66 (Eastern 
Germany) which has 22 interchange
able lenses and Reflex 66 (Eastern 
Germany) called Reflex Korelle In 
Germany and Greai Britain. 

The 21/4X31/4 in. (6x9 CID) 

cam.era 

is still in great demand although it 
is usually larger in size and weight 
than the handy square-typre roll 
film cameras. Cameras of this type 
come in all ranges and are too 
numerous to be specified. 

The Linhof Super Technika (We
stern Germany) actually a sheet 
film camera that can be used with 
a roll film adapter has interchange
able lenses, coupled range-finder, a 
between-lens shutter and parallax 
correction. It is widely used by 
press-photographers all over the 
world. 

Other versatile cameras are the
Ansco Viking Speed (USA); M.P.P. 
Cameras (G. B.); Pacemaker Crown 
Graphic and Speed Graphic (USA); 
Plaubel Makina III (Western Ger-

many); Vidax (Eastern Germany) , 
a duplex camera with interchange
able lenses for roll film 21/4 x 31/4 in. 
down to 1 5/s x 21/4 in. for roll film , 
sheet film and film packs; Voigt
lander B essa I and I I (Western 
Germany) and Zeiss Super Ikonta C 
(Western Germany). 

The drawback to a camera of this 
size is that the focal length of its 
lens is approximately 10.5 cm, al
lowing less favorable depth of field 
than a miniature camera and there
fore necessitating special care in 
focusing. The larger size cameras 
from 4 x 5 in. to 8 x 10 in. using 
sheet film or film packs are more or 
less reserved for the professional. 
Many of the cameras mentioned in 
the foregoing paragraph also come 
in larger sizes like the Linhof Tech
nika and the Graphic cameras. 

are based upon binocular VISIon 
thus rendering the impression of a 
three dimension perspective. The 
two lenses of the camera are the 
same distance apart as the normal 
human eyes (about 6.5 mm or 21I2 in. ) 
and cover approximately the same 
angle of view. The two film images 
have to be mounted in stereo slides 
and viewed through a special 
viewer. We can list but a few of 
the stereo cameras: Bell & Howell's 
T.D.C. Stereo Colorist and Stereo 
Vivid (USA); Challenger Stereo 
(G. B.); Edixa Stereo (Western Ger
many); Iloca Stereo (Western Ger
many); Kodak Stereo (USA); 
Revere 35 (USA); Stereo Realist 
(USA); Windsor (USA). 

There exist also interchangeable 
stereo lenses for Leica cameras, the 



Leica Stemar, in a single mount 
which fits into the lens flange of 
Leica cameras, the Stereotar C for 
the Contax and the Steritar for the 
Contaflex which couple to the range 
finder of the cameras. 

Polaroid eanteras 

This system of photography based 
upon the diffusion-transfer reversal 
process was first introduced by Dr. 
Edwin Land of Boston in 1947; it 
utilizes a method in which a film, a 
print paper and all necessary 
chemicals are self contained within 
the camera which furnishes a finish
ed print one minute after the pic-

ture was taken. Duplicate prints 
and enlargements can be made 
from these negatives. 

The new panchromatic Polaroid 
Pola Pan 400 Land film rated at 
400 ASA permits to take indoor 
snapshots. There are three Polaroid 
cameras on the market: The High
lander, the Pathfinder Land 110 
and the Polaroid S peedliner Land 
Model 95 A (USA). 

It is, of course, impossible to give 
a detailed list of all the different 
cameras available. The cameras 
mentioned here are only a few 
among the large number that are 
flooding the world market. 

IS 
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Right at the beginning of any photographic book 

the author is just as uncomfortable as the reader. Why? Because it is at this 
point that the principles of optics must be introduced. The theory of optics 
is the basis of all photography and should be studied by those who wish to 
succeed in the art. The author will endeavor to relieve it from the dullness 
of the mathematics of our school days. 

However for those content with rule of thumb formulae the first 16 pages 
may be skipped.With these rough and ready rules 90 % of your photos ,vill 
be successful snapshots, provided the weather is fine. But fair weather 
conditions in our fickle climate can seldom be relied on. 

Incidentally the guide to snapshots on page 21 is not a superficial arrange
ment, but a system tried and proved by expert photographers. 

But the key to successful photography lies in the knowledge of the theory 
of optics. 

The real birth of the camera may be said to have been some 400 years ago 
when Leonardo da Vinci did what you can do to-day. He closed the room 
from all light from the sun shining outside. Then, when he made a small 
hole in the blind, he saw on the opposite wall an inverted image of the 
scene outside the window. 

If the room be reduced to the size of a little box this would be a camera 
- a pinhole camera - the father of all cameras. Although it is a real 
camera it is of little use, as the pictures it produces are neither sharp nor 
bright. When a lens was inserted instead of the pinhole it was an im
provement. But there was still the drawback of the excessively long ex
posure-time needed. The modern camera possesses a much improved lens, 
by the aid of which we can produce a brilliant and very sharp picture with 
only a short exposure. 

. 
Not so very long ago the lens was little better than an ordinary magnifying 
glass; but this has now developed into the anastigmat, which consists of a 
combination of lenses producing an intense sharpness. Unfortunately this 
has its drawbacks. 



As in the use of binoculars you can see sharply only at one distance at a 
time, the objects before and behind the one focused being blurred; so it is 
with the up-to-date lens. If you have focused at 10 feet , sharpness would be 
lacking in front and behind the focused point and the depth of field in 
focus would be negligible. 

However, a depth of field is absolutely essential, as otherwise a picture in 
which we have focused at, say, 10 ft. would be indistinct except at that 
distance. 

The diaphragm is only an aid to increase the depth of field , and even with
out it, the lens has some depth of field of its own, especially when focused 
on distances of about 20 ft. or more. Ignoring the use of the diaphragm, 
for the moment, let us experiment with a field camera before a row of trees 
receding towards the background. Then open the shutter and watch the 
ground glass screen: -

2 

First focusing test: -

Focus with full aperture on near objects (tree 2). Only tree No.2 is sharp. 

6 

Second focusing test: -

Focus to middle-distance (tree 6). The lens already gives a considerable 
depth of field, although it is not stopped down. Curiously enough there 
are 4 trees behind and only 2 trees in front of the point of focus which 
show up clearly. We now come to the 
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Third focusing test:-

in which we shift the focusing point still further away (tree 9) and find 
that more trees have entered the zone of sharpness, both in front of and 
behind tree No.9, with the far side predominating. Even the remote 
distance shows up fairly sharp. But the foreground is hopelessly out of 
focus. 

co 

Fourth focusing test: -

N ow let us try focusing on infinity (ex:». The distance is perfectly sharp, 
the foreground completely blurred. 

Obviously we get automatically a considerable amount of depth of field. 
True, it is limited - only a small amount when we focus on near objects, 
always more towards t.he background than in the foreground, and the pic
ture is never completely sharp everywhere. 

And now we can turn to the diaphragm. If we focus for middle-distance 
and close the aperture by one stop, we find that the image on the ground
glass screen becomes darker but the depth of field increases simultaneously 
both in front of and behind the middle-distance (though to a greater ex
tent towards the background). On closing the diaphragm by a further stop, 
we find that the image becomes darker still and that the depth of field 
continues to increase. 

.. 

We begin to see that a smaller stop, useful as it is, . decreases considerably 
the light falling through the lens, so the exposure time will have to be 
lengthened. If our landscape must be sharp from the foreground up to the 



distance, we cannot help but stop down. However, it all depends on 
how we do this. 

It would not be worth while to focus on foreground (tree Nr. 2) as it 
would necessitate closing the diaphragm to such a degree that the image 
in our camera would be well-nigh blotted out by utter darkness. The same 
applies to focusing at infinity: by the time we secure a sharp foreground, 
the aperture of the diaphragm will have become infinitesimal. 

Therefore, we can hardly go wrong if we choose the medium focusing 
distance. For this reason we focus our camera once more on tree No.6 
(as in test 2) and close the diaphragm, say, down to f /8 or fi ll. The result 
is astonishing: -

Fifth and D10st successful '-ocusing test: 

When focusing at middle-distance with a medium stop (stop f/ 8 - f / ll) the 
result is sharp definition from foreground to background. 

6 

In landscape photography, any other focusing or stopping method would 
be irrational, since it would necessitate far too small an aperture coupled 
with too long an exposure. Thus we find the principle of snapshot 
focusing: -

Greatest possible depth of field combined with moderate, light-saving 
stops. We must try to economize light if we are to secure suitable instant
aneous exposures. The stop fi ll commonly used should just do for this 
purpose, provided that the light is good and that a fast film is being used. 

SUD1lDary: 

We have found that: 

1) A sheaf of "fire" (in this case of "definition") will be formed if we use 
the "gratis" depth of field and a suit3ble stop. Thus it is possible to cover 
quite a depth of space and the effect might be compared with that of a 
shotgun instead of that of a rifle. 

2) As a miniature camera has no ground-glass screen we have to use a 
depth-of-field table to calculate the "middle" distance that is the most 
suitable one. 
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Near
to-infinity 

focusing 

3) This is the famous "Near-to-infinity" focusing, which is the best point 
on the distance scale for each stop. It would be impracticable to focus to 
infinity and then stop down until the foreground too has become sharp. 
This would entail too long an exposure and besides, much of the depth of 
field would be lost "beyond the horizon". The belt of sharp definition does 
not extend equally on both sides of the plane to which the lens is focused. 
Beyond this plane the depth of field increases rapidly even when the lens 
is only moderately stopped down, so that it is quite sufficient to focus 
on a "middle distance". 

4) The stop numbers (German stops 3.2-4.5-6.3-9 etc., international 4-5.6-
8-11 etc.) may seem strange at first glance. Their meaning is explained 
on page 25. It will suffice here to say that closing down by one stop always 
necessitates doubling the exposure. . 

5) "Small stop" always means a small lens aperture. To prevent confusion, 
the smaller stops are indicated by large numbers (5.6, 8 etc.), and large 
stops by small numbers (2.5, 3.5 etc.). 

6) Technically-inclined people' will ask how the use of a diaphragm can 
affect the depth of field of so complicated a thing as a lens. An explanation 
of this will be found on page 183. 

P.reliID.inary conclusions: -

Here we may briefly refer to an important question, namely how is the 
actual photographic image produced? Here in simple language is what 
happens: 

When a sensitive bromide coating is exposed to light in a camera, it does 
not immediately reveal a visible image. The picture is latent, i.e. hidden 
in it. It is rendered visible or blackened by chemical treatment (develop
ment). This image is negative, in other words, dark portions appear light 
or transparent, light portions appear dark (less transparent). The negative 
image is then printed on sensitive paper, which produces a positive image, 
i.e. the tones are reversed again, resulting in the final picture. The neg
ative can also be projected by means of special devices (enlargers) on to 
senSItIve paper so that a positive is obtained on an enlarged scale. The 
chemical process remains the same. For further information see page 74. 

And now for the final stage: 

the snapshot system in the following table - a system, which we shall 
now be able to understand without any difficulty. 
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A SNAPSHOT SYSTEM 
Its allO, Its applleatlo~ and Its potentialities 
(Mainly for miniature cameras but useful for all hand cameras) 

Aim: To keep the miniature camera always ready for action, to increase the percentage of satis
factory results and to simplify its operation. Mastery of the camera means that the mind can 
concentrate upon the subject to be photographed. 

Means: "Accuracy of shooting" by maximum utilization of the depth of field (see also page 19) 
in order to get a picture sharp all the way from foreground to distance that automatically includes 
any given subject (even if it is moving). Mastery of the camera means the elimination of fiddling 
with knobs and levers (and consequently chances of error). The stop, the distance and often even 
the shutter speed can be set stationary for ordinary purposes. 

In brief: a definite, final setting to ensure a sufficient depth of field. 

Queries: How do I find this setting? By giving the distance and diaphragm scale the most 
favorable setting once and for all. - Which is this most favorable setting? How far does the 
depth of field extend? Where does the definition begin in the foreground and where does it end 
in the distance? - It begins at about 13 feet (4 m) from the camera and extends to infinity. ----. 
And what about close-ups or pictures with a foreground only and no background to speak of? -
For this purpose we have a second setting in reserve. By a single movement of the hand, we can 
convert our principal setting to one specially adapted for close-ups. The following rule puts it all 
in a nutshell: 

A HANDY RULE OF THUMB: 

Stop alwaY8 8 I dl8tanee 2811 (810) 
Distanee setting for 

set at fa elose-ups IS 11 (41D) 

Close-up means the actual foreground only. - Distance means any distance from 13 feet from the 
camera to infinity. 

In actual practice this means: the camera can be carried about closed, set at 28 feet, f : 8 and 
is thus instantly ready for action if a subject should present itself unexpectedly. As long as the 
subject is stationary or moving anywhere between 13 feet and infinity, it will always be in focus. 
Alte1rnatively, the close-up setting can be quickly obtained. Strictly adhe,ring to these two settings, 
the on'ly thing for the photographer to do is to advance the film and set the shutter, which - by 
the way - is only one operation with modern cameras. There is no longer any loss of time, each 
snapshot is merely followed by advancing the film. The Robot, the Corbina and the Finetta 
(Ditto) 99 even do that automatically. 

There is one condition: The light must be good, but this does not necessarily mean sunshine. 
An exposure meter is desirable. Read off instantaneous speed for f : 8, otherwise expose by rule 
of thumb (see overleaf). 

System not applicable: Subjects moving at very great speed (e. g. in some sports events) call 
for very short exposure times. Using a larger stop means reducing the depth of field, in wh ich 
case the camera must be focused at the correct distance. The S9me applies to unfavorable light 
conditions; stop f : 8 would absorb too much light. 

System conditionally applicable: 1) For close-ups between 3 and 9 feet (1 and 3 m), set focus 
accurately; stop f : 8 ensures a sufficient depth of field. - 2) When the light is poor, stop 
f : 5.6 is more suitable than f: 8. This or an even lalrger stop will reduce the depth of field. 

System partly unnecessary: With reflex cameras and cameras with a coupled range-finder. These 
cameras can be focused dead accurately - time permitting. The snapshot setting is, however, 
often more reliable because it is so much quicker. 
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T H E SYSTEM 
E X P L A I NED 

Films 

Panchromatic 40 A.S.A. == 
27 0 B. S. I. = 17/10 0 DIN 

The A.S.A. , Weston, B.S.I., DI N and Scheiner figures 
indicate the speed of a film under normal lighting 
conditions. These speed figures are no indication of 
quality, but the higher the rating, the coarser will be 
the grain . This does not matter with normal-sized nega
tives but can be awkward with miniature film . However, 
fine gra in developers will produce fine grain with even 
the fastest fi I ms . II Pa nchromatic" means sensitive to a II 
colors , including red and brown. Films to be recom
mended are : Agfa Isopan F, Ansco Su preme, Du Pont 
X-F Pan , Kodak Panatomic, Kodak Plus-X, Ensign Fi 
Grain Pan, Ferrania Super Pancro , Gevaert Geva n 
M icrogra n Panchro, Ilford F. P. 3, Perutz Perpa nt' etc . 

Light Filters 

Purpose: Helping to give sat isfactory representation of 
color in terms of grey tones. Almost all films are over
sensitive to blue . The most suitable filter for genera l 
use with panchromatic films is a medium yellow filter. 
It improves the rendering of clouds and gives a pleas
ing contrast between clouds and sky, but requires a 
certain increase in exposure. A cle-a-r sky will usually 
appear too bright without a filter. 

Panchromatic films can be used 
without filter 

Most correct panchromatic films give an approximately 
correct representation of all colors . A light yellow or 
ye llow-green filter should be used only for a very pale 
blue (sky). 

1/50 SE 
speed with , 

- Without 

1/25 s 
is for sunny 
with su nsh i 
early mor 

eather in the shade. i 
, or with a clouded 

or late afternoon 0 1 

fi Iter '/50 

Distance scale 

togethl t DE P TH C 

Essen t ial facts 
Some depth of field is available even without a 
stop but very little with close-ups . It increases to
wards the background and is greatest at but can 
then no longer be used for close-u ps because the 
sharp zone will be too remote. Best setting for 
snapshots : middle distance and depth of field in
creased by stopping down. - Depth of field ex
plained on page 16. 

The most useful settings for close-ups and dist, 

A g o l den 

Aperture f .. 8* I 
always at 

r U " 

Distance 
setting fc 

"') Some cameras have the German stop numbers 4 - 6.3 
- 9 - 12.5 etc. instead of the international numbers 4.5-
5.6 - 8 -11 etc. in which case 8 should read 9, and so on . 
The difference is very slight, and need not be taken into 
accou nt when co leu lati ng exposures . 

Close-up means: everything sharp from abo' 
sha,rp zone from about 12 feet to infinity. 
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~ speed 
J 

~cond 
a light colored subject. 

also for dark objects 
sky. It sho u ld Iso be used in the 
r with a light ye ow filter (withou t 
seco nd) . 

Lighting Front lighting, except in color, is 
genera lly not very pleasing as it 

produces rather flat pictures. Better modelling can be obtained by oblique 
side-light. Most attractive, however, are shots against the light. They 
generally require about double the exposure time. Never allow the sun to 
sh i ne stra ight into the lens, even if the I atter is coated. Always use a 
lens hood! 

Lens 

Lens aperture 

') Foca I length: It depends 0 n t,h e size of the negative 
(see page 174). The foca I l'ength is engraved (f =) on the 
lens mount. The smaller the negative-size the shorter 
may be the focal length, it being generally accepted 
that the standard lens for any camera has a focal length 
equal to the diagonal of the negative. When the lens 
is set at infinity ( ), the distance between the lens and 
the film is usually equal to the focal length. Lenses of 
longer focal lengths than normal produce a larger 
image, lenses of shorter focal length a smaller image . 
2) Aperture : A lens with a large aperture allows more 
light to pass than one with a small one, and has , 
therefore, a greater "speed ". "Large" in this case re
lates to the focal length, meaning that the aperture is 
relative to the focus. Therefore the correct description 
of the speed of a lens is the "relative aperture" (indi 
cated by f: ). Thus f 1 : 4 or f : 4 means that the dia 
meter of the lens (see page 180) in relation to the focal 
length is 1 : 4 (e. g. diameter 2 cm in relation to focal 
length of 8 cm = 1 : 4, the aperture bei ng f: 4). The 
actual diameter of the lens is of no importance but 
the diameter in relation to the focal length is . 

;r ~ive FIE L D t 
Ess e ntia l fa cts 

3) Of two lenses with the same "relative aperture", 
that with the shorter foca I length a lways has the greater 
depth of fie ld when the distance between camera and 
subject is the same. 

Measuring the exposure time 
There is I ittle depth of fi eld with fu II aperture . 
Stopping down increases the depth of field. Imme
diately in front of the distance focused at, the 
sharp zone is very small, but it extends consider
ab1y towards the background . For instantaneous 
exposures the lens canno t be stopped down at will 
as the loss of light enta iled is too great. Stoppi ng 
down the diaphragm by one stop means: double 
the exposure time is required. 

Guessing the correct exposure time is a rather tricky 
business; calculating it is better, but a photo-electric 
exposure meter is idea I, because, when correctly used, 
it excludes human errors. Tables give only approxi
mate va lues. With a photo-electric exposure meter (or 
an optical one), the mean brightness of a subject 
should be measured . Exposure tables give approximate 
values only; when in doubt expose generously. 

ant shots are, therefore, these; cont,aining 

e o f t hum b 

{
Distance: 25 feet (8 m) 

,r Close-up:12feet(4m) 

ut 8 feet to 25 feet. Distance includes a 

Photography with artificial light (Photoflood) 
(see also page 194) flas h lig ht ex posures see page 206. 
The cheapest lamp for occasiona l exposures at home is the over
run electric bulb (Photoflood, Superflood, Floodlamp, Picture 
Flood, Nitraphot) in con junction with a n a ppropriate reflector . For 
the most suitable films, see sections on "Film" and "Filter". With a 
panchromatic film of 100 A.S.A. and the lamp 3 feet from the 
subject, the exposure should be about '125 second at f : 4.5, '/50 se
cond at f : 3.5 and '/'0 second at f : 5.6. When the lamp-to-subject 
di stance is increased, the efficacy of the illumination is inversely 
proportional to the square of the distance, e. g. at 6 feet the 
exposuretime is4timeswhat it was at3feet, etc. Several lamp manu 
facturers supply reliable exposure tables, but an electric exposu re 
meter should be used according to page 196. The shadows should be 
brightened up by means of reflectors (white sheet, tin-foil paper etc .) 



How great are the depth-o.--fteld zones 

with the two snapshot settings at f : 8? They differ according to the various focal lengths, the 
shorter the focol length of a lens, the greate'r the depth of focus. We cite the following examples: 

F o c a I L e n t h 

3.5 em 5 and 7.5 em 10.5 em 

Close-u p 12 feet (4m) 6 ft - 00 7 ft 7 in. - 28 ft 9ft3 in. -16ftlO in. 
Depth offield from-to 2 m-oo 2.7 m - 7.7 m*) 3- 5.3 m 

I Distance 25 feet (8 m) The above close-up 13.2 ft - 00 
15 ft to about 70ft 

setti ng is more 4.7 m - 26 m 
Depth offield from-to 4 m - 00**) 13.2 ft-oo (4 m-oo) 

suitable only with f : 11 

*) The values for 5 cm and 7.5 cm are identical. 
**) 4 m are actually 13 feet 2 in. and 8 m = 26 feet 4 in. The distance scales of the average cameras 

are simplified and indicate 12 feet = 4 m, 25 feet = 8 m. 

MOTlng 8ubjects 

may come out blurred. A detailed table of exposure times for various types of movement, page 271 i 

Snapshot settings :for the larger calDeras 

A lens of a focal length of over 10.5 cm is not suitable for snapshots. 

Photographic shortcolDlngs 

False Economy 

(1) Expensive camera but no 
exposure meter. 

(2) Negative material bought 
·cheaply· (well-known makes 
are always dependable). 

(3) A cheap lamp in the dark 
room instead of a tested 
safelight. 

(4) I nsufficient quantity and re
peated use of exhausted de
veloper. Miniature develop
ment by time without inspec
tion co lis for a sufficiency 
of active fresh developer. 

(5) Fixing In exhausted bath. 
Two pints of acid fixing bath 
suffices for 15 3~x2~ in. roll 
films or 15 Leica strips, or 200 
4~x3~ in. prints. 

(6) Washing films in too little 
water. 

Forgetfulness 

(1) Forgetting the rule of 
thumb for the snapshot 
system. 

(2) Restiveness and nervous
ness when exposing. 

(3) Film not advanced be
fore exposure. 

(4) Omitting to ' allow for 
fi Iter factor. 

(5) Omitting to draw the slide 
when using film packs or 
dark slides loaded with 
plates or film. 

(6) Omitting to set shutter 
beforehand, and con
sequently missing the 
critical moment. 

Untidiness 

(1) Ru Ie of thumb of snapshot 
system not jotted down in 
camera case. 

(2) Camera dusty, sandy, lens 
smeared. 

(3) Allowing camera 
to sunbathe. 

(4) No labels on bottles and 
chemicals. Paper bags I 

(5) No clock, no towel, no thermo
meter in dark room. (Deve
loper 65 0 F = 18 0 C) 

(6) Finger nails dug into wet 
negatives. 

(7) Fixing bath spilt into deve
loper, contaminating it. 

(8) Dry negatives handled with 
clammy fingers. Handle film 
by the edges only. 

So, after all , we see that photography consists of errors avoided and virtues newly won. 
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Brief Summary 

Though the above rules provide a working basis for snapshots~ he e are 
some further points to be noted. \~ 

Exposure TilDes 

are dependent on lighting conditions, lens aperture (stop) ~ and speed. of 
film. An exposure of 1/ 25 sec. is not really a short instantaneous exposure 
and needs a steady hand (camera shake). It is better to over-expose ' than 
under-expose~ for the popular latitude of modern films only compensates 
for over-exposure and not for under-exposure. An inexpensive camera 
with an exposure meter is better than an expensive one without such· an 
instrument. 

FillD speeds 

The speed rating of films and plates is still confusing and unsatisfactory, 
although this has been improved by the adoption both by the British 
Standards Institution and the American Standards Association of an 
identical method of measuring which is both practical and scientific. How
ever~ there are still the German DIN-degrees~ the Weston ratings and even 
the obsolete Scheiner degrees. The British Standards Institution have pre
ferred the logarithmic system and its numbers line up very closely with the 
average of the familiar Scheiner designations. The United States and Canada 
have adopted the arithmetical system with the A.S.A.-figures. Direct con
version between these two systems is entirely legitimate because they are 
derived from a single method. The German DIN-system is based on a 
different method of testing speeds~ but a simplified conversion can be 
established by adding 10 0 to the British Standard degrees. The simplified 
table on page 56 provides a valuable guide for the use of exposure meters. 

Recent developments have led to the introduction of very high speed pan
chromatic films of as much as 250 A.S.A. (3.5 0 B.S.I., 200 Weston, 25/10 0 DIN) 
and 100 A.S.A. (31 0 B.S.I.~ 80 W eston~ 21/10 0 DIN) the grain of which is 
almost as fine as that originally obtained with films of 40 A.S.A. (27 0 B.S.I.~ 

32 Weston~ 17/ 10 0 DIN). Consequently~ there is no reason why they should 
not be used successfully~ provided~ so far as miniature films are concerned~ 
they are processed with fine grain developers. 

The DiaphraglD 

is primarily intended to provide the necessary depth of field ~ and 
secondly~ to cut out light to a varying extent as required. Closing the dia
phragm by one stop means doubling the exposure time. For instance: 
starting from 11100 second at f : 4 the following exposure times for other 
stops must be taken into account: 

Stop 2 2.8 4 5.6 8 11 16 

Seconds 1/400 1/ 50 1/ 5 

In all cases the amount of light passing through the lens IS the same. 
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No doubt you may be wondering why we use these odd flnumbers instead of 
merely counting 1 - 2 - 3 - 4 and so on. This is impracticable, because the 
only useful measure of light passing through the lens is the ratio of the 
focal length of the lens to its diameter and this forms its f /number. 
It can not be avoided to arrive at these rather complex figures, as the most 
common focal lengths are not whole numbers (10.5 - 7.5 - 13.5 cm). 

Lighting 

When taking shots against the light, a sun shade or lens hood should be 
used and the sun should not be allowed to shine directly on the lens. While 
front light makes pictures flat and dull, side light gives pleasing results 
and good modelling. But the most striking effects~ however, are obtained 
with shots against the light. 

Mo-ving subjects (see table page 271) 

may cause "subject-movement" and thus be blurred. For moderate move
ment an exposure of 1/ 50 second is usually sufficient and this applies also 
if the subject is moving directly towards the camera. The exposure time 
must be considerably shortened when the subject is moving at right angles 
to the camera. 

Focusing 

The distance makes all the difference. With the rather short focal length 
of the average miniature camera (see page 175) ~ it is not advisable to 
approach the subject too closely~ especially when photographing per
sons, on the other hand do not be afraid of approaching moderately 
close to your subject. Six feet (1.85 m) is rather close if the hands and feet 
of the subject are stretched out towards the camera, but 7 feet (ca. 2.1 m ) 
should be just right. With lenses of a longer focus (9 cm [3 1/4 in.] or 
13.5 cm [5 1/4 in.] in a miniature camera) ~ one can fill the frame with a 
pretty large picture without approaching the subj'ect too closely. 

Snapshot setting 

This setting is mainly a guarantee against failures as it does not call for 
absolutely correct focusing. The camera is always ready for action~ but 
this setting can be used only if the weather is good or at least passable. 
Otherwise the exposure time at least must be altered ~ and this makes an 
electric exposure meter a valuable asset. 

Depth of field 
In our fo cusing tests on page 17, we have seen that there is less depth of 
field in front of the focusing zone than behind it. From this we can develop 

, , 
I 
I 
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I 
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I 
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X Z Y 

26 



I 

~ 

., 

two very useful rules, namely, when to increase the aperture and, conse
quently to reduce the depth of field. 

We focus on Z to obtain sharpness from X to Y, Z lying approximately in 
the first third of the total zone of sharpness desired. Z can of course be 

estimated only roughly. 

Xl 00 

A variation of this rule is the ""near to infinity" setting (sharpness from 
foreground to distant background). If in addition to infinity, point X is 
to be rendered sharply, the focusing should be set for double distance 
of X, i.e. X2. Where 6 x 9 cm (21/4 x 3 1/4 in.) plates and 10.5 cm (4 1/8 in.) 
focal length lens are being used, at f : 4.5 the depth of field should be 
from 30ft. to CX); with a 9x 12 cm (3 1/4x4 3/4 in.) plate and similar lens 
the stop should be f : 5.6 to give the same depth of field. 

Anti-halation :feature 

Some information about halation is now required. All we need to know 
is that modern negative materials have a very effective anti-halation base 
or backing. Light penetrating the surface of a film may reflect from the 
back of the base and strike the emulsion layer once again, causing halation. 
This can most easily be seen when a bright light is photographed. Apart 
from this halation by reflected light, there is another kind of deficiency 
known as halation by diffusion. The anti-halation feature cannot prevent 
the light entering the surface from scattering. This occurs in the actual 
emulsion layer when the subject being photographed shows very heavy 
contrasts as in shots against the light or in photographs where glaring 
lights appear in the image field. This kind of halation, however, is only 
of theoretical importance. It can be minimized by special methods of 
development and will be disturbing only when outsized enlargements have 
to be made. It may spoil the picture when there are bright lamps in the 
picture (see page 268). 

Filters (yellow and green) 

are not generally needed with modern panchromatic films. Correct pan
chromatic films give an approximately correct representation of all colors 
and especially of the blue sky and white clouds. 

Hints :for the .nost i.nportant subjects 

If you are in a hurry to start with the actual work have a look at page 242 
and the following pages under the title of ""A useful ABC". This is an 
alphabetic list of the most important subjects, such as landscapes, archi
tecture, vacation scenes, indoor photographs and the like. 
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Four small but valuable • accessorIes 

I) The photo-electric exposure meter (there 
are many good makes on the market). Not 
inexpensive but in the long run it pays by 
saving film. It is better to have a simple 
camera and a good exposure meter than the 
rever se . 

3) One of the daylight tanks mentioned 
on page 29 . Thi s i s an apron tank. If 
handled correctly, a spiral tank i s jus t a s 
reliable. 
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2) A lenshood (sun shade). There is one to 
fit every came ra. The.re i s no picture that 
doe s not gain in brillance by means of the 
lenshood, especially if large apertures are 
u se d. The l enshood should be used for 
all exposures no matter what kind of 
light is employed. Lens hoods of rubber are 
available too. 

4) Modern shutters- have a delayed action 
release built in. This is an attachable self. 
timer that screws directly into the cable 
release socket. Its movement is noiselese 
and gentle and it can be used also for the 
release of long expo sure times without 
causing camera shake. 
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Daylight De-veloplDent 

DarkrooDl troubles 

may not have come your way - yet. If the dark room were indispensable, 
miniature photography would scarcely exist. Frankly speaking, if you 
have not the time to do your own film development, you need not 
be just a mere snapshooter. There are many people, even professionals, 
who have their films developed by their dealer or photo-finisher. And~ 
why not? If they are reliable they will make a good job of it and you will 
have no trouble at all. 

But I would suggest you buy a developing tank and process your own films. 
In this case we have the miniature film in mind and this means "fine grain 
development", but the order of procedure is just the same with any other 
film size. The only difference is that you do not need a fine grain developer 
for larger negatives, although you may use it as well. For outsize enlarge
ments from tiny portions of a large negative, fine grain development is 
certainly an asset. 

Home processing is a kind of sorcery, for you are doing something no one 
can see. In home processing success depends on meticulous attention to 
detail. Careful preparations are more important than the actual developing 
process itself, for this should take place automatically if the preparations 
have been done with the utmost care. 

What equipDlent is necessary? 

You will need the following equipment. l. A developing tank. Beginners 
should start with an apron tank rather than a spiral one, as for the latter 
some experience is needed to feed the film into the spiral grove. Your dealer 
will tell you the tank suitable for your size of film. - 2. Developer. A fine 
grain developer for miniature films. For roll films a so-called compensating 
developer will do. - 3. Acid fixing bath. - 4. An accurate graduate of 
glass or plastic. - 5. A reliable photographic thermometer. This is very 
important; a bath thermometer is never dependable and even photographic 
thermometers are not always reliable. Finally, a funnel is useful and also a 
few small kitchen utensils. 

The set-up on your writing desk 

A writing desk makes an excellent place for the developing tank. Cover 
it with a few layers of newspaper and place on it three glasses or bottles. 
One with the developer (at a temperature of 65 0 F = 18 0 C) , the second 
with the acid fixing bath and the third with a 2 % solution of glacial 
acetic acid (you need not be too fastidious about it, moderately acid 
[vinegar] water will be a good substitute). 
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All these preparations are sensible only when the contents of the glasses 
or bottles are in accordance with the exact capacity of your tank (see 
directions for use of it). For this reason you need an accurate graduate. 

One more thing you have to be certain about is the correct developing time. 
Otherwise your experiment will be a failure. The words "that will do", 
"'approximately" or "about" should be discarded from your photographic 

vocabulary. 

The developing time depends on the film and on the developer. Every 
film has its own developing time which varies with every brand of devel
oper. Have a look at the list on page 110. Still more important is what the 
manufacturer has to say about the developing of his particular film. His 
advice is decisive. (By the way: the developing time increases with the 
speed of the film). Concerning the final results, there is nothing more dis
heartening than constant changing between different makes of film and 

developer. 

The same applies to the use of used developers. Experienced amateurs 
who know exactly what allowances in developing time have to be made 
when the developer is completely or partly exhausted,. may employ used 
developer. It is much safer, however, to use a fresh solution for each film. 

Loading the tank 

Some developing tanks can be loaded in daylight but the majority of them 
must be loaded in the dark. Read the instructions for the use of the tank 
carefully and then try loading with an old film. If you have a spiral tank, 
the spiral grooves must be absolutely dry! If you can't do it in the dark, 
feed the film into the grooves by the light of a dark-green safelight 
(Kodak 3 dark-green, Ilford Nr. 908 "'GB'\ Agfa Indirektfilter green 
Nr. 103, Ansco A-3). Then put the lid on your tank and lock it in position. 
The tank can now be taken into the light. There are several tanks that 
permit daylight loading (Kodak, Ansco, Rondinax). Ask your dealer about 
them. 

Deyeloping the fil:m. 
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Check the temperature of the developer. Having noted the exact time by 
your watch, pour the developer in through the filling hole with a con· 
tinuous How and as quickly as po.ssible. Most tanks are equipped with a 
mechanism for up and down movement as well as a circular one. Use this 
mechanism in both ways immediately after the tank is filled up. These 
mechanisms are designed for agitating the solutions in the tank. Don't 
leave the tank without agitating the film. Standardizing the agitation is 
of the greatest importance. The . film must be constantly supplied with 
fresh developer and the up and down as well as the circular agitation will 
result in a very thorough circulation of the solution. If this is done, no 
patches and streaks of irregular development will occur through local 
exhaustion of the developer. 
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I(odak Anti-Foam, an inhibitor, when added sparingly to the developer 
solution, prevents the formation of airbells, spots, streaks or stains caused 
by foam or froth on the developer. Kodak Anti-Cal is another useful 
chemical; it inhibits or reduces the formation of calcium scums on films 
when added to most photographic developers. 

Fixing 

Pour out the developer (with the tank still tightly closed). Now the film 
can either be rinsed for a few minutes by allowing the water from the 
faucet (tap) to run through the tank, or the development can be stopped 
immediately by pouring in the acid stop bath as soon as the developer is 
poured out. Leave the film in the stop bath for 5 minutes. Then pour in 
the fixing bath at approximately room temperature (about 65 0 F). Fix for 
12 minutes (which entails the removal of unexposed particles of silver 
bromide). Slight agitation in the stop bath as well as in the fixing bath is 
advisable. Then return the fixing bath to its storage bottle. By the way, 
modern rapid fixers shorten considerably the fixing time. 

Clearing bath 

If the film is rinsed in water only before fixing, it is advisable to use the 
stop bath as a clearing bath after fixing. Rinse again for a few minutes 
and open the tank. Almost all tap water carries lime particles which will 
settle on the emulsion. For this reason the film should be rinsed for 
5 -10 seconds in the 2 % acetic acid solution. This dissolves the lime 
deposit (and the slight silver deposit caused by true fine grain developers). 
The acid bath can be used repeatedly. 

Washing 

Place the tank under running water for about half an hour. It is advisable 
to close the tank again and allow the water to run into the hole in the 
center of the lid. When the tank is open the water jet may damage the 
vulnerable emulsion. If running water is not available, the water in the 
tank should be changed six times every 5 minutes. 

Not essential but ilDportant 

To prevent irregular patterns and drops forming on the film it is advisable 
to add 8 to 10 drops of a wetting agent to the final wash water. The film 
will drain and dry more rapidly. Some photographers make a practice of 
wiping the wet film with a viscose sponge or soft chamois leather. I can 
only say: don't! If you use a wetting agent it is absolutely unnecessary! 
Wetting agents are: Johnson 326, I(odak wetting agent, Agfa Agepon, 
P.A.C. Wettol, Aerosol, Easy-Wet, Faber Invitol, Hauff Wettinol, Tetenal 
Miradol and the products of several American firms such as Ansco Labora
tories, Atkinson Laboratories, Edwal Laboratories, FR Corp. etc. These 
wetting agents obviate drying marks and are very cheap indeed. 
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Drying 

The surface of a wet film is unbelievably delicate, as fragile, in fact , as a 
petal. It is quite possible that the proud amateur may be tempted into 
inspecting the wet film. You can do so, of course, but it is anything but 
wise. Never handle wet films , even by their edges. You can see at a glance 
whether all your negatives look satisfactory. Leave it at that. At this stage 
the film has four deadly enemies: your fingers , your suit, the dust sus
pended in the air and finally, insects. Flies are everywhere, but there are 
others, and the most dangerous of them is the earwig which is an ardent 
lover of wet emulsion. A single fly or an earwig may succeed in ruining 
your entire film. Look for a suitable room which is free from dust and 
avoid entering the room while the film is drying. The night is the best 
time to dry a film. Suspend the film from a clothes-line with a wooden 
clip and another weighted clip on the lower end to prevent it from 
curling. Once again: don't inspect it now. Wait patiently until the morning 
provides you with the (more or less) agreeable surprises of a well-dried 
film. At night even the flies are sleeping and if your film is now dry and 
clean you have really done your best. Incidentally, films should not be dried 
in the open air or in draughty places for draught means dust and dust 
means spots and "streetcarlines" or " tramlines". Never use a hair-dryer. 

The final stage 
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When dry, the film can be inspected. Do it carefully and with a mag
nifying glass in order to check its overall definition. Never allow your 
fingers to touch the emulsion (usually it takes three months to make finger 
marks visible). If it is a miniature film you may roll it up with the emul
sion side outwards, that is, against its natural torque. Larger sized films 
should be cut up into their single negatives as soon as they are dry and 
stored in negative envelopes. 

Rinse and clean thoroughly all equipment you have used for processing, 
including the spiral or apron and dry it carefully. 

Keep your chemicals in good order. - All bottles with stock solutions 
should be clearly labelled. - Handle powdered chemicals with plastic 
spoons only. - Make up your fixing bath over the kitchen sink and far 
away from the developer. The fine scattered dust of fixing salt is poison 
to your developer. - Do not pour water on hypo, for it will cake and 
become almost insoluble. Pour the hypo-powder in a fine stream into the 
water. - For making up developers and fixing baths, use tap water of the 
temperature recommended by the manufacturers and start at least half an 
hour before using the solutions.-

If you haven' t tried this simple and refined developing method you won' t 
understand the whole process. 
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Light and Color 
Films and Filters 

The word "photo-graphy" IS derived from the Greek. It means "writing 
with light". 

Let us study this method of writing and the material on which it is written. 

What is this "light"? What is color? These are the great secrets sur
rounding our little camera. Light and color are certain forms of electro
magnetic energy, the physicists tell us (wireless waves are another form 
of this energy). Light and color are sensations - consciously received 
impressions, the psychologists will say. 

These are mere words, however, cleverly covering our Ignorance. The 
phenomenon remains unexplained. We have got a reply to the wrong 
question because we shall never kno'w what light really "is". The ex
planation must be sought and will be found somewhere else. The miracle 
is in our '''receiving set" with which we are endowed in order to respond 
to certain electro-magnetic waves: our eyes and brain. This "receiver' 
converts into a world of light and color what is actually darkness pene
trated by the flashes of electrical tensions. Logically, this sensation of 
light experienced by us must not be confused with the unknown force by 
which it is caused. 

And what happens when we photograph? In this instance the image shows 
what there was drawing and writing. Electro-magnetic impulses act upon 
the molecules of silver bromide, upset their structure and prepare them 
for complete cleavage (i. e. by ""development" into bromide and silver~ 

leaving only the silver image which forms the negative picture). 

\Ve know that light and colors as phenomena are not homogeneous but 
complex; in other words, a mixture. And we know that the simple bromide 
emulsion does not "see" the light (and particularly colors) in the same 
way as we do. Therefore the question arises as to how it is that it "'sees" 
differently, and that we produce a correct one-color rendering by using it 
as our medium. Is it really possible to translate colored reality into grey 
tones in a satisfactory manner and what are the limits to this experiment? 

Every-day photographs are accepted too easily; we take them for granted 
because we are already familiar with the black and white and grey world 
of photography. Let us suppose that we have never seen a photograph, 
that we do not believe in the possibilities of photography and that we 
have to start from scratch. Le.t us simply question all fundamentals of 
photography. May be the answers will finally make us understand what has 
hitherto appeared enigmatic and inexplicable. 



The world 
There IS no 
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Light is a sensation which we record as the result 
of electro-magnetic oscillations (waves). Our "recei
ver", however, our sensitive nerves, will be affected 
by only a very small portion of this electro-mag
netic wave range. The human eye responds to this 
small section and signals its reception to the brain 
where the sensation of "light" is caused. This por
tion of the wave range comprises the wave lengths 
from 400 mJ-t to 700 mJ-t (millimicron, 1 mJ-t = 1 millionth 
part of a millimeter). There are much longer wave 
lengths, ranging up to the alternating currents of 
3,700 miles. There are also infinitely smaller ones 
down to the high altitude cosmic rays, the wave 
length of which is less than 1 billionth of a milli
meter (1 millimeter = 1/25 th of an inch). 

6000 km (3700 miles) 
700 mp 
I 

400 mp 
I 0,0005 mp, 

A. C. wireless heat 
infra-red 

LI GHT u Itra
violet 

X-rays gamma high-

rays 
rays altitude 

On the whole, however, within its restricted domain, 
our receiving unit, "the eye", is sensitive to a great 
many different wave lengths. It not only records 
"light" but also the "stations" of the light. These 
stations, which we usually call "colors", we shall 
have to discuss in detail. 

or cosmic 
rays 

*) This drawing is not true to scale. In reality the band-width of the light waves is 
infinitely smaller. 

*) 
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"Let there be light: and there was light" 

*) Beyond the wave length of 700ml-L (red) is infra-red, beyond th at 
of 400 ml-L is ultra-violet, both belonging to the invisible rays. 
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We are, however, able to prove that our 'receiver', the eye , compounds the various 
"stations"-red, yellow, green, blue, into white light when recei red simultaneously. For, 
if we pass a beam of daylight through a white glass prism (which separates the various 
wave-lengths) we shall perceive for ourselves the basic structure of white light produced 
by t he sun, a ghostlike patch of color: the spectrum (in Latin " the ghost" ). We have 
pec troscopically separated light and the colors are non-material. 

The pigments, or body colors, 
too, show us that "white" light 
is composed solely of colors, 
and that any object which we 
perceive to be colored is absorb
ing the major portion of the 
white mixed light and reflecting 
the remainder, this remainder 
forming its "color". A red roof, 
for example, absorbs all colors 
except red and therefore appears 
red, while yellow flowers appear 
yellow because they absorb all 
colors except yellow, which they 
reflect. Blue flowers appear blue 
for the same reason. Color is 
thus always dependent upon light, 
all objects being entirely color
less in the dark. Therefore, an 
object can only be of a color 
whiclI is included in the light 
falling upon it (for example, in 
the one-colored red light of the 
dark-room all green articles 
appear black because the red 
light contains no green). 

Anyone desiring further details 
re garding the nature of color 
will find a complete photographic 
color manual on page 215. 
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One of the basic problems of photography is the satisfactory representation of colo r in 
terms of grey tones. This raises the question as to whether the colors on a print are 
r e presented in terms of their apparent brightness to the eye. Are they rendered correctly 
according to their visual brightness? 

Under ideal conditions the result would be as indicated above. But this ideal i s seldom 
attained, as without special precaution being taken, the photographic emulsion perceive s 
the degree of density of certain colors differently from that recorded by our eyes. Some 
20 or 30 years ago, photographic emulsions were chiefly sensitive to blue and violet (the 
"actinic" light), reproducing these tones with too dense an image and too high a contrast. 
Later, dyes were added to them which had a retarding effect upon the blue and increased 
their sensitivity to green and yellow, this being known as the orthochromatic emulsion. 
Orthochromatic emulsions however, still suffer from blindness to red, reproducing it a s 
blade Still more recently further dyes have been discovered which render the emulsion 
sensitive to red, resulting in the well-known panchromatic emulsion. Thus, the manner jn 
which a photographic emulsion responds to colors is dependent on the type and color 
of dye used in sensitizing it. 

A simple example, a rainbow, will show to what extent even our panchromatic emulsion~ 
differ from the ideal color reproduction. 

Even our modern photographic 
emulsions do not represent the 
color values in the same way as 

is shown in this ideal case. 

We shall see later on that, strangely enough, this imperEection need not necessarily he 
a serious drawback. It is not so long ago that the amateur knew only one emulsion, the 
orthochromatic, while the amateur of today sees his ideal almost adtieved by modern 
panchromatic emulsions. 



The illustration shows how the different types of film respond to colors (in neutral 
daylight), and how these colors (see helow) are rendered in terms of grey tones. We 
are mainly interested in the types I and II. 

Ortho: 

Type I 

Representation of the colors 

in the positive print 

senSitIve to ultra-violet, hlue, violet; moderately sensitive to green. They are 
also slightly sensitive to yellow hut almost insensitive to orange and red. 
panchromatic*) gives an approximately correct representation of all colors 
with the exception of red. This incomplete sensitivity to red increases with 
red-yellow electric light which acts like an orange filter. Slightly oversensitive 
to hlue and violet. 

l'ype II correct panchromatic**) with a slight oversensitivity to red, which gives it an 
additional sensitivity to electric light (see page 41). 

Type III a special type of film for work with artificial light with a speed up to 
200 A. S. A., 34 0 B. S. I., 24/10 0 DIN, and an abnormally high red and orange 
sensitivity, in order further to increase the speed in artificial light. It tends to 
render red tones (skin, lips etc.) too pale (see pages 41, 205). Type III films are 
rare nowadays and most of the modern high-speed panchromatic films correspond 
closely to type II or sometimes even type I. 

With all panchromatic films, the oversensitivity to hlue is now remarkahly suppressed. 
It is not possihle here to discuss the merits of individual makes of films, hut the amateur 
can easily check for himself the degree of sensitivity to red of a panchromatic film hy 
making test exposures (especially color tahle exposures, see page 41). 

*) On the European Continent often called "ortho-panchromatic" or recte-panchromatic. 
**) In England and the U. S. A. types I and II are usually not separated from each 

other, hut are called "correct panduomatic" films, while type III is called "hyper
sensi tive panchromatic" film . 
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Correct Representation of Color in Terms of 
Grey Tones 

As related to the "graph of the eye" (LAGORIO. TABLE) 

Purpur 

Rot 

Orange 

Gelb 

Griin 

Blau 

Violett 

= purple 

= red 

= orange 

= yellow 

= green 

= blue 

= violet 

If one selects the grey tone corresponding to each particular color and connects the points 
thus found, a continuous line or graph-the graph of the eye-is produced. If we 
take a photograph with the negative material to be tested of a color table in which th~ 
graph of the eye is drawn, it is obviously simple to ascertain whether the various color 
tones are r eproduced by grey values as perceived by th e eye . If not, the color represen
tation of this material differs from the ideal convention, and the extent of this difference 
can be read from the photograph of the color tabl e. Our example (below) shows a 
correct-pancluomatic emulsion which is not quite sensitive enough for red. Despite some 
exce sive sensitivity to blue, the blue-yellow rendering is satisfactory. 
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Deviations from the Visual Curve 
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Displacement of the graphs with colored light 

-- Type I ----- Type II ______ Type 111*) 

* For Photoflood lamps, now being superseded by flashlight. 

with 
neutral 
daylight 

with 
electric 
light 
(Photoflood ) 
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Where Correct Color Representation Is 
Desirable 

A rather old fashioned, mo 
derately orthochromatic emul
sion. Blue reproduced much too 
light, therefore no clouds. 
Green much too dark. Red tone 
of path also too dark. 

.' .~.:,.:..jo_.,c.;<fol4'~ , .•. ""'+ ... :> .... ~:-M.;~~ ..... "'-'O';"O;+~ ·v·:··~ ', ....... '~ ..... (-) 

1 

Orthochromatic emulsion. Blue 
still reproduced too light, skin 
(yellow-red) too dark, almost 
invariably "freckled" (because 
yellow is reproduced too dark). 
Fair hair much too dark. 

Panchromatic emulsion. Go od 
blue-filtering effect, conse· 
quently shows details of clouds . 
Green and red of path appro
ximately true to their appa
rent brightness to the eye. 

Panchromatic emulsion. Blue 
reproduced practically as seen 
by the eye , fair hair light, 
complexion clean and smooth. 
Great variety of middle tones . 



Improvement by Means of Filters 
1£ the representation of color in terms of grey tones is unsatisfactory, light filters 
should be employed to give a more accurate representation. An ideal tone rendering can 
be achieved almost perfectly by the modern panchromatic emulsions of the types I a nd II 
(page 39). In the great majority of cases we can altogether dispense with a light filter, 
for in nearly every instance the oversensi tivity to blue has been subdued and the use of 
a yellow filter is hardly necessary any longer. 

Filters for special purposes 
The use of filters is simple if one has grasped the fact that all filters work on the same 
principle: a filter stops light of a certain color while other colors are allowed to pass 
through freely. A yellow filter will absorb blue, while green, red and yellow pass 
unchanged. A red filter will absorb green and blue, and red light will pass unchanged. 
Any filter absorbs part of its complementary color while it emphasizes its own color. 

.... "., .. ,.\ 
" 
\ 

. ,. 
~: ~: 

Yellow filter 

reduces the amount of light in the blue region. Improves 
the representation of green and gives a pleasing con
trast between sky and clouds. 

Yellow-greell filter 

Has about the same eUect as a yellow filter. Improves 
the representation of green and of clouds . 

Neutral green filter 

Suppresses mainly red. Its yellow component has a 
slight retarding effect upon blue. 

Rarely used light filters 

Blue filter 

Absorbs red and green, emphasizes blue. 

Blue-green filter 

Absorbs red, emphasizes blue-green. 

Orange filter 

Accentuates yellow and red colors and absorbs blue 
almost completely. Special filter for distant views with 
panchromatic films (landscapes in the high mountains). 
It destroys the aerial perspective because the blue haze 
is filtered away. 
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Classification of Filters 
1) Correction filters are mainly used to alter the response of the film, in 
order to give a more accurate representation of color in terms of the 
visual brightness as seen by the human eye. 

2) Contrast filters will alter these brightness values in order to emphasize 
or subdue particular colors or to improve the rendering of detail. If two 
contrasting colors of similar visual brightness are almost indistinguish
able in a photographic picture, a contrast filter will bring about decidedly 
different brightnesses. 

3) Haze filters reduce or even eliminate the effects of aerial haze as 
distinct from heavy white fog. The darker the color of the filter, the 
better the haze penetration; this is useful for distant landscapes and views 
from high altitudes.Very dark filters (orange) must be used with care since 
they tend to destroy the effect of aerial perspective in a landscape. 

4) Ultra-violet filters for use at high altitudes (over 6,000 ft) and on sun
drenched, dustfree beaches where ultra-violet rays are very active, tan the 
human skin and produce unsharp photos. There is no filter that will pene· 
trate or eliminate a heat haze. 

SUDllllary: 
1) Modern panchromatic films approach the ideal convention of color 
representation in terms of their apparent brightness to the eye to such an 
extent that a yellow or yellow-green filter is required only when the 
representation of green or of clouds has to be improved. A light yellow 
filter is usually quite sufficient. 

2) Panchromatic films differ in their representation of color. The film 
manufacturers, on the other hand, have obviously agreed upon a con
vention about the most suitable representation; for all modern films give 
so accurate a representation of color in terms of grey tones that there 
is now hardly any need to experiment with filters. For photographs of a 
special kind, it is nevertheless important to know what filters should be 
used to emphasize or subdue particular colors. For improving the render
ing of detail (for the texture of fabrics etc.) it is useful to know that 

3) the three types of panchromatic films (page 39) are examples only, and 
certain makes of film may reveal a different color sensitivity. In ordinary 
conditions, however, this would not be of any great importance. 

4 ) If one is not certain to which class of color sensiiivity a film belongs, 
the best plan is to make exposures in both daylight and artificial light 
without using any filter at all. If the representation of color is unsatis
factory in one way or another, the filter required may be determined by 
the aid of the notes found on page 43. 

5) Correct tonal rendering is not always desirable. For instance, it may 
happen that tanned skin against a blue sky will give a picture in which the 
brown of the skin results in a single grey tone indistinguishable from the 
background. Similar conditions with the juxtaposition of other colors may 
frequently occur. 



Where Correet Tone Values are not required 

A correct tone rendering of the 
girl on page 42 (who has mana
ged to become sunburned) resul ts 
in a similar visual brightness of 
the tanned face and the blue sky 
and therefore a lack of contrast. 

A panchromatic film of type 
or even III with a slight or 
hea vy oversensi t ivity to red 
yields an incorrect but aestheti
cally better tone rendering, since 
the red tones are less dark. 

An extreme example: If a photograph is taken of two contrasting colors of similar 
visual brightness, the correct representation of the colors in terms of grey tones will 
yield a uniformly grey surface. From this fact the following conclusions can he drawn: 

1) Any representation of color values in terms of grey values is a com
promise in respect to the color. Color contrasts can be subdued or 
exaggerated as required, since an accurate tone rendering may not 
necessarily give satisfactory results from a pictorial point of view. 

2) The possibility that contrasting colors of similar visual brightness may 
lack contrast in a photograph has been greatly increased by the intro
duction of panchromatic film. For particular purposes a film th~t does 
not give an absolutely correct representation of all colors may be 
more suitable with regard to the pictc _ial value of a picture. 

3) Difficult subjects often encountered in indoor and outdoor photography 
provide a wide range of representations which are pictorially correct. 
It depends on our experience and knowledge in which way we are going 
to solve a threefold problem: a) To what extent may colors of similar 
visual brightness be indistinguishable in the photograph? b) What is 
the behavior of a certain film in certain circumstances (type of color 
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sensitivity)? c) What correction filter can be used in order to improve 
the pictorial value? 

4) Beyond this, photography enters the theoretical plane. We are faced 
here with the limitations of experiments in turning color into black 
and white. 

5) In the ordinary 'way it is not necessary to u-;e a special film for each 
purpose. Apart from our previous remarks (pages 42 - 45), experience 
will suggest the film which yields the highest percentage of successful 
pictures. In addition, such a film offering the best average can be 
specially adapted by filters (page 43) to conditions which are normally 
outside its range of sensitivity. 

6) The apparently unjustified variations of panchromatic sensitive emul
sions may at first be somewhat confusing but on closer consideration 
will be found to be a very useful feature. 

7) By correct tone rendering, we mean reproduction obtained with day
light. That this rendering can only represent a general rule and not 
one which holds good under all conditions, will be seen from the 
fact that we ourselves perceive colors differently according to the 
light by which we perceive them, i. e. electric light as compared with 
daylight, (blue seen darker, yellow whiter, blue-green and red lighter). 
Similarly, the panchromatic emulsion perceives colors differently by 
electric light as compared with normal daylight. In both cases this is 
due to the fact that the colored light acts as an additional factor. 

It is a moot point w'hether one is justified in applying to artificial light 
the same technique as is used to obtain a correct tone rendering with 
daylight. "Correct" is always the pictorially correct solution. 

8) Daylight is not always neutral white. At noon it is usually bluish, in 
the morning and evening yellowish (extremes are, on the one hand the 
blue ultra-violet radiation at high altitudes, especially at noon, and 
on the other hand the colored light of the evening glow). As we have al
ready seen in the case of the electric light~ the change in the color 
of the light also changes the color reproduction (the photographic 
tone rendering). In bluish light blue predominates (the yellow filter 
factors become larger), whilst in yellow-reddish light the yellow-red 
predominates (the yellow filter factors become smaller). These facts 
must be added to those stated under section 3. They have to be con
sidered in case one arrives at results which do not agree with those 
stated in respect of normal daylight (See also the table next page). Also 
it is possible in such cases that incorrect tone rendering may produce a 
finer pictorial result than would be the case if the color represen
tation were technically correct. 



Table of Films and Filters 

Ortho 

emulsion s 

(blind to 

red) 

Type I 

ortho-pan

ch r omatic 

Type II 

corr ect 
p anchr o

mati c 

Type III 

Artificial 

light film 

with 

extrem e red 
sensi ti vi ty . 

Correction filters 
for correct representation of colors 

artificial light 
daylight (Photoflood) 

Yellow filter (mostly 

light) absorbs blue, ren

ders yellow and green 

lighter. 

Light yellow filter. Ab

sorbs blue, renders yel

low and green lighter. 

Practically the same 

effect with yellow

green pan-ortho filter 

(I). Filter very rarely 

necessary. 

Yellow-green filter. Ab

sorbs the slight excess 

of red and blue, ren

ders green lighter. 

Ligh t blue-green filter. 
Subdues red and thus 

compensates for skin 

and lip tones whim 

are too pale. 

The orange-colored 
Photoflood light acts 

in itself as a yellow 

filter. 

No filt e r b ecause fil te r 

effect of Photoflood 

light sufficient (the 

orange light suppresses 

blue and accentuates 

yellow-red 

(see page 46). 

The orange light sup

presses blue, but 

accentuates yellow and 
red. Blue filter indi

cated if skin tones are 

represented too pale. 

The orange light sup

presses blue, but in

creases the sensitivity 

to red still further 

(see page 46). For skin 

tones blue filter mostly 

sufficient. If not, me

dium blue-green filter. 

Contrast filter for spe

cial purposes-daylight. 

Strong yellow filter (II, 

III) renders green much 

lighter, darkens the pale 

blue of the sky, em

phasizes the bluish haze 

in the distance (moun

tains, etc .) and decreases 

the effect of aerial per

spective. 

Light yellow filter for 

ligh tening a tanned skin 

or green tones such as 
foliage or meadows, 

comprising a good deal 

of black. Orange filter 

such as Type II, but 

with less effect. Ultra

violet: as Type II. 

Orange filter for distant 

views (mountains, etc.), 

for subduing atmosphe

ric haze. UV (ultra

violet) filters at high 

altitudes 6000ft. or over 

(only with sun), other

wi se a slight lack of 
definition will result 

owing to focus differen

ces (see page 1711172) . 

Orange filter, such as 

Type II bu t with in

creased effect, as Type 

III films are more highly 
sensi tive to red-orange. 

UV filter as with Type II. 

Note: Daylight too may be colored by an excess of either short-wave radiations (blue, 
violet, even ultra-violet, especially in the mountains at noon, or with snow and sun, which 
reduce the filter factors for blue by about a half) or long-wave radiations; in other words 
yellow-reddish light whim occurs both in the early morning and towards sunset. In the 
latter case, the conditions governing color representation may be regarded as similar 
to those with electric (Photoflood) light. See above under "artificial light". 

47 



48 

Representation of color teehnicall,.. correct, 
hut pictoriall,.. a failure 

This photograph illustrates the fact that a perfectly correct tone rendering 
may prove to be a failure. The colors of the skin and sky, both correctly 
rendered in their true tone values, merely produce a · uniform grey with 
hardly any contrast. A light yellow filter could have been adopted with the 
film actually used (type I, p. 39) so as to render the red-brown of the skin 
a little lighter (see p. 47); the blue would have been somewhat subdued 
and thus rendered darker. 



Miniature Hints 

Forty useful Hints 
for Miniature Photography fA 

Once upon a time the photographer ventured forth complete with dark room tent and 

chemical supplies. Each of hi s ' wet plates' he had to prepare on the spot immediately 

before e xposure . Times have changed. - Illustration obtained from Professor Stenger's 

f amous collection. 

A. Handling a miniature camera 
I. The miniature camera is not better than any other camera, but it is 
certainly more versatile. The true miniature camera is the one used with 
35 mm film. However, as most of these hints are applicable also to the 
larger negative sizes, it is quite justifiable to say that cameras up to 
6 x 6 cm (21/4 x 21/ 4 in. ) can also be regarded as miniature cameras. 
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~liniature Hints 

What cannot 
be taught 

Alertness 

The handling of the miniature camera needs most careful study. In skilled 
hands it has the precision that a marksman has with his rifle. The purpose 
is to catch the constantly changing, colorful life around us. The choice of 
scene and the approach to it can never be taught, and is gained only by 
experience - in other words by nature's great law of trial and error. In
timate knowledge of the equipment is, however, only half the battle. The 
photographer's success depends on his artistic personality. Technique can 
be learned, but art needs alertness and inspiration. Many can take fine pic
tures, but the outstanding ones are created by those who have developed 
their artistic sense. Nothing will charm itself into the camera of its 
own accord, but must be sought. But, of course, this artistic sense is 
of little use if technical skill has not been mastered. It cannot be too often 
emphasized that the first duty of the artist in photography is to master 
its technique. Those who are struggling to establish a photographic tech
nique will soon find out that it is very easy for the tools to come between 
the man and the work he wants to do. So the first thing to do is to learn 
and master the technical side of photography. This can be learned and here 
are some steps towards it. 

Close-ups 2. Close-ups are the most attractive, and, from the pictorial point of 
view, the most effective photographs, not only in miniature work but also 
with cameras of larger sizes. 

Hopeless 
objects 

3. There are many things which from the outset do not lend themselves 
readily, if at all, to photography. You want to take pictures which mirror 
a small slice of life, but you will never get them if you point your lens to 
subjects such as the following: 

Scenes where the main theme is situated in the background such as the 
well-known "souvenir" picture consisting of a wide grey space broken by 
a dark line on the horizon and entitled "Copenhagen seen from the ship". 
Exposures prompted solely by the 'lovely' colors of a scene. If they are 
not well-composed and of some particular interest, the original color 
symphony will be of little effect. 

Avoid scenes where the foreground may be excellent but the background 
is wild and ragged. Most amateurs forget the background when taking 
close-ups. 

Less would Avoid photographs which are ill-balanced, one side all dark shadows while 
be more opposite it fizzles out into emptiness. Photographs that are overloaded, 

that is, filled up with too much detail are a common mistake with beginners. 
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Avoid also photographs which consist essentially of fields and foliage. Since 
black predominates in all vegetable green, this green tends to show up 
blackish and so gives a very m~·notonous picture. Pictures of this kind 
should be made only when the lighting gives interest to the setting, e.g. 
exposures against the light. Avoid landscapes without the sun beneath a 
dull grey sky: except if rain or haze introduces interesting features. 



Miniature Hints 

4. If you cannot make a picture with a cheap box camera, you will soon 
be in trouble with a more expensive instrument. 

With the value and efficiency of a camera, the difficulties of its operation 
and possible sources of error increase in proportion. Thus you must keep 
the technical side as standardized and as simple as possible. The snapshot 
table on page 22 will simplify the use of the miniature camera and thereby 
eliminate possible errors. The system is simplicity itself with lenses of very 
short focal length, such as 35 mm in the case of the Leica or Contax. When 
focused at 14 ft. with stop f : 8 , these lenses are set from 7 ft. to infinity. 

This must be understood: the snapshot system can be used also with larger 
size cameras, at least up to 6x6cm (2 1/4x2 1/4in.), as the depth of field 
for the focal lengths of 5 cm and 7.5 cm is identical. Square format roll-film 
cameras are usually not equipped with interchangeable lenses; but what 
a 5 cm-Iens in a miniature camera can do, a 7.5 cm-Iens can do in a roll-film 
camera, when stopped down to the same aperture. 

Preven t 
failur e 
beforehand 

5. The employment of such a system should, however, not encourage Common 
promiscuous shooting, although miniature film is inexpensive. This is not sense ~s 
the case with roll film. Instead of the 36 frames of a miniature film, the necessary 
roll film produces only 12 square-sized pictures, and these should be 
utilized to the best advantage. 

Good miniature snapshots demand practice, presence of mind and good 
taste. This means that we should be prepared at times not to take a 
picture if the ordinary pictorial conditions, such as good lighting and 
balanced composition, are absent. On the other hand we should be generous 
in the use of inexpensive miniature film in taking 4 or 5 snaps of a parti
cularly interesting scene in order to get the best possible results. 

6. Study the pictures of that old Leica-pioneer Dr. Paul Wolff. His work
ing method was by no means at variance with my recommendations, but 
apart from all their vigor and spontaneity, these photographs are 
not fortuitous results. There is nothing left to chance, and yet you would 
never be aware of the careful work behind them. 

There are two ways of securing the ideal snapshot. The first is: patience 
until we have the best angle and the best light. The second is: organisation 
and economy. The skilled photographer who has mastered the art of 
eliminating unnecessary detail, and should possess the patience of Job. 
As to organization, so far as it concerns our fellow beings, we only require 
confidence and tact. Photography itself is the least important factor. Other
wise, only those who know the theory would be able to photograph. 

7. Don't think that our four or five leading miniature photographers have 
certain secrets up their sleeves - what they do have is this: first , an 
individual way of seeing life around them and considerable dexterity; 
secondly, knowledge of materials; thirdly, clean workmanship. One cannot 
a cquire artistic vision but certainly one can achieve clean workmanship. 

Patience 
and 
omitting 

The secret 
of the 
" A ces" 
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Page froID. the albuID. of an unlueky fellow 

Left: Camera shake during exposure , Right: General unsharpness , owing to very inaccurate 
focu sing. A common fault i s taking a clo se -up with the camera focu sed on infinity. 

52 

Left: The foreground lacks sharpness a s th e camera wa s focused on infinity. In this case, 
the focu s should have been set " near - infini ty" as sharpness is required in both back
ground and foreground (see page 19). Right: Lack of sharpness owing to subj ec t movement. 
1/ 25 sec. is in sufficient if th e r e is motion at right angl es to th e camera (tab le page 271). 



This does not mean that we have to attach more importance to technil.. 
calities than to the problems of aesthetic expression. 

8. A reliable electric exposure meter is more valuable than any number 
of accessories. It may be costly but in the long run it will prove far 
cheaper than the material which would otherwise have been wasted. 

Miniature Hints 

The easier 
m ethod 

9. The most effective lighting is against the sun. The shadows run for- Backlight 
ward towards the onlooker, giving a roundness in space not possible with 
any other light. The same applies to shots against oblique side-light. 

Make sure the sun does not shine straight into your lens; use a lens 
hood. The lens hood is the simplest possible accessory, but a most im
portant one. There is no picture which cannot be improved in clarity and 
brilliance by a lens hood, for it prevents flares , reflections and fog in 
against - the - light photography and is just as useful with a coated lens 
as with an uncoated one. The lens hood protects the lens from rain, 
snow and dust and is simply a " must" for color photography. A lens 
hood is indispensable. 

B. The negative material and the exposure 

10. Film is not just film! The film that the modern photographer uses 
nowadays is the panchromatic film. It is sensitive to all colors and this 
means that all reddish-brown colors are represented in sufficiently bright Th e middle 
grey tones. With reddish and brownish colors in a subject, the picture tones are 
on panchromatic film will always show more middle tones and will b e important 
truer to nature than the one taken on orthochromatic film. 

II. Right from the beginning the choice of film determines the quality 
of the enlargements from miniature negatives. Modern films of reputable 
make are uniformly good. Films have changed considerably in recent Speed is not 
years. Originally it was found that slow and contrasty emulsions have the an estimate 
finest grain, whereas the higher speed of fast films became identical with 0/ value 
coarse grain. Recent developments have changed these conditions. The 
granularity of high speed films is now much less than it has been. By 
using gold thiocyanate the modern miracle of high speed with fine grain 
and excellent gradation has been achieved and films of slow speed specially 
designed to give grain-free negatives are much more rapid than the 
fastest plates or films available not so many years ago and have retained 
the fine grain. The relationship between film speed, development and 
grain is explained in detail on page 114. 

12. It is bad technique to examine an enlargement with a magnifying 
glass in order to establish graininess. If a picture is examined from the 
distance from which it is normally viewed and there is no grain visible, 
the negative will have a sufficiently fine grain. Contact prints will always 
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Miniature Hints 

Choice 
of filnt 

Agfa 
I so pan F 

Kodak 
Panatomic X 

show less grain than an enlargement. "Normal" distance means "focal length 
of the lens used multiplied by the print size in cm", e. g. Focal length 
5 cm multiplied by 8 (magnification 8 x) = 40 cm, which is the "normal" 
viewing distance. 

With regard to the granularity of films, considerable progress has been 
made since World War II. Film manufacturers were of the opinion that 
too great an exposure latitude was no longer necessary because correct ex
posure can easily be determined by means of the electric exposure meter. 

This means that double coated films are no longer necessary. The emul
sion layer can, therefore, be much thinner. A thinner emulsion in turn 
means a better resolving power, better definition and less granularity. 
It means also shorter developing times (see page 110). 

Fine grain is also dependent on the development. Normal semi-fine grain 
developers, which cause no loss of emulsion speed, will yield satisfying 
results. If a genuine fine-grain developer with phenylene-diamine is used, 
however, the increase in exposure time (3 0) is essential, although there 
is no longer any reason for the use of these developers. 

There is a trend to return to thin-layer films and to leave the double
coating to the high-speed films. This has nothing to do with color 
sensitivity but shows how films may change without the consumer being 
any the wiser. 

Characteristic on account of their type of sensitation are the Agfa 
Isopan F film for type I and the I(odak Panatomic-X sheet film for type II. 
Agfa Isopan ISS film represents typ'e III. With respect to Panatomic 
and Isopan F , the Panatomic film gives a welcome medium contrast (see 
pp. 136), while the Isopan F is characterized by a remarkable sensitivity 
to· green (which is a rare feature indeed). The grain is almost equally fine 
in both films. Well balanced panchromatic films of the highest speed 
- available to amateurs - are the new Perutz Peromnia 23, the Agfa 
Isopan Ultra, the Hauff-Super-Pancola and the Gevapan 33 films double
coated materials of 160 A.S.A. = 33 0 B.S.I. = 125 Weston = 23/10 0 DIN. 
The new Kodak Tri-X film is approximately twice as fast as regular Kodak 
Super-XX Pan-film and has a speed of 250 A.S.A. = 35 0 B.S.I.=25/100 DIN. 
Ilford HPS also has a speed of 27/10 0 DIN (37 0 B.S.I., 400 A.S.A.). A 
similar speed has the Gevapan 36. 

Tri-X films can be adapted to bright daylight conditions by the use of a 
series of grey graded density filters which do not change the color. The 
2 x , 4 x and 8 x filters (the factors stand for the numbers .of times ex
posure should be increased) are the most useful. The A.S.A. (or any other 
rating) should be divided by the factor of the density; "e.g. if a 4 x neutral 
density filter is used, a meter setting of 400 should be divided by 4, thus 
giving a ratio of 100, reducing the film to the speed of Kodak Super XX. 
These filters are manufactured by Eastman I(odak, Ednalite, Enteco 
Industries, Harrison & Harrison, Tiffen etc. 
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Minia·ture Hints 

13. The modern mInIature camera with its rapid film advance, whim is Picture 
interlocked with the shutter setting, lends itself admirably to rapid senes 
sequence photography. This is one of the most advanced forms of minia-
ture photography resulting in a picture-series. Sum a series may show 
a continuous scene. It may consist of portrait studies of one person, or it 
may be composed of a sequence of open air photographs showing the 
same individual from twenty different angles. During the weekend 
or on trips there will be scenes which will reel off like a movie film 
when taken consecutively. There are no hard and fast rules for the making 
of picture series. A series of pictures, or a sequence of photographs was 
pioneered in American picture magazines as early as 1936. They record 
the varying phases, or progressive steps, in the telling of a story. With a 
little imagination they can be made quite exciting. The first condition is, 
however, the best lighting possible if only to allow the small diaphragm 
necessary. Often a stop of f: 8 or even f : 11 has to be used with very 
close subjects. The greatest possible depth of field is required to keep the 
moving subject within focusing range. The light should be sufficiently 
bright to allow an exposure of 1/50 sec. or even 11100 sec. despite the small 
stop. The faster the film, the greater are the prospects of success. Series 
exposures are not so mum a photo-technical affair as that of intense 
concentration and acute observation. A certain degree of temnical skill 
is comparatively easy to acquire, but a potential series of pictures should 
first be analyzed in visual terms. Each exposure should be a clear, strong 
and simple record of the event. 

Here again the greatest stress must be laid on the necessity of "filling the 
frame", which means, of course: close-ups. 

14. The question of choosing the right filter is no longer a problem mainly Filters 
because filters can be dispensed with to a great extent. This is partly due no problem 
to the fact that the rendering of blue (e. g. sky with clouds) by pan-
chromatic films is superior to that of orthochromatic films. For color 
filters see pp. 43. 

IS. The speed rating of films and plates will be both confusing and Speed 
unsatisfactory so long as the manufacturers of films and exposure meters rating 
still use the obsolete systems which, we hope, are on the way out. The of films 
older, non-standardized Scheiner, H. & D. and other systems should be 
dropped gradually in favor of the British Standard Exposure Indices 
and the American Standards Association Exposure Indices. There are, of 
course, still the German DIN-degrees and the widely used Weston speeds. 

There is no harm in using the A. S. A. figures for the Weston meter also. 
While the logarithmic B.S.1. indices - closely resembling the old Smeiner 
designations - can be directly converted to the arithmetical A. S. A. in
dices (the difference being merely in the way of expressing the result), 
the German DIN-system can he approximately converted to the B.S.I.
system by adding a round 10 0 (17/10 0 DIN = 27 0 B.S.I.) 

55 



Miniature Hints 

16. A pproxilDate Equiva lence 
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o f th e var i ous SystelDs of Speed Rating 

D A Y L I G H T 

British General American European Ilford Relative A.S.A. Standard Weston Electric Scheiner Scheiner DIN Group Speed B. S. log. (ob solete) (obsolete) 

3 16 0 

I 

2.5 4 lI o 17 0 6/10 0 
I 

4 17 0 3 4.5 12 0 18 0 7/10 0 A I 

5 18 0 4 - 13 0 19 0 8/10 0 
I 

6 19 0 5 7.5 14 0 20 0 

I 
9/10 0 

8 20 0 6 9 150 21 0 

I 
10/10 0 B 2 

10 21 0 8 12 16 0 

I 
22 0 11 /10 0 

I 

I 
12 22 0 10 15 17 0 23 0 12/10 0 

16 23 0 12 18 18 0 24 0 13/10 0 C 4 

20 24 0 16 24 19 0 

I 

25 0 14/10 0 
I 

25 25 0 20 30 20 0 26 0 15/10 0 I 
I 

32 26 0 24 36 21 0 
I 27 0 16/10 0 D 

I 8 I 

40 27 0 32 48 22 0 28 0 17/10 0 

50 28 0 40 60 23 0 I 29 0 18/10 0 

64 29 0 50 
I 

75 24 0 I 30 0 

I 
19/10 0 E 16 

80 30 0 64 100 25 0 31 0 

I 
20/10 0 

100 31 0 80 120 26 0 32 0 21/10 0 
I 

125 32 0 100 
I 

150 27 0 33 0 22/10 0 F 32 

160 33 0 125 200 28 0 34 0 23/10 0 

200 34 0 160 250 29 0 - 24/10 0 

250 35 0 200 300 30 0 - 25/10 0 G 
! 

64 
---

320 36 0 250 400 31 0 - 26/10 0 

I 
400 37 0 320 500 - -

I 
27/10 0 I 

500 38 0 400 600 - - 28/10 0 H 128 

650 39 0 500 800 - - 29/10 0 

800 40 0 650 900 -
I 

- I 30/10 0 

1000 41 0 800 1000 -
I 

-
I 

31/10 0 

'. 
British Standard Exposure Indices: 

An increase of 3 0 (3/10 0 DIN in Germany) represents a doubling of the speed of a film. 
American Standards Association Exposure Indices 

are similar to the Weston ratings in that they are proportional to the speed of the fil m, 
that is, a film of 100 A.S.A. is twice as fast as a film rated 50 A.S.A. 



Miniature Hints 

17. Most of the amateur methods of testing one's material and checking its Check y our 
quality are discussed on page 259. Quite frankly~ no first-class results are cam era 
possible without these checks, and this also applies to the fittings of the 
camera, especially the focusing mechanism. For testing the latter, see 
pp. 172. There is no camera so perfect as to be above a routine check , 
say once a month~ to ensure that all is as it should be. 

18. Theoretically, an electric exposure meter should eliminate all the Use y our 
guesswork and ensure perfect negatives. But it must be used properly. head when 
If you think that the exposure times indicated are a little on the short exposlng 
side you can easily re-calibrate it by pasting a suitable piece of elastoplast 
on the "eye" of the meter. Before you do so~ make sure, however~ that 
the short exposure times are not due to an erroneous setting of the film 
speed. Remember that the film makers are allowed by law to keep the 
speed of their films 3 degrees below the nominal speed (in Germany 3/10°). 
Furthermore it is worthwhile to remember that all exposure meters are to 
guide us to negatives of " medium density". This means that their indi-
cations will be too short in front of the brightest subjects (snow~ when a 
higher density is required) or too long in front of dark subjects (dusk, 
when less density is desirable). 

Example of a Series of Pietures 

Place: Crossing over to Frauenchiemsee. - Ferryman: Young Jack. 
He begins: 
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H ere, I know you, don't I? So this "ts the missus? 

No distortion 19. Fortunately the suggestion, often voiced, that lenses of a short focal 
with short length (see page 175) give pictures of a "wrong perspective" is not at all 

focal lengths true. People who talk of a wrong perspective mean, of course, those 
perspective distortions which occur when the camera has been too close 
to the subject (enormous feet or hands) . It is correct to say that the per
spective does not depend on the focal length of the lens but on the position 
from which the picture is taken. Lenses of both short and long focal 
lengths give the same perspective if used from the same position. The 
perspective becomes "distorted" or at least unnatural when the subject 
is too closely approached (and this will be the case with any focal length). 

58 

"Filling the frame" however, is one of the most important rules of the 
miniaturist. With lenses of a relatively short focal length (e. g. 3.5 cm 
instead of 5 cm) the temptation is great to approach the subject too 
closely, because these short focus lenses give a relatively small size of the 
subject. The size of the subject on the film becomes larger if one approaches 
it (pp. 179) and that means unnatural perspective. The rule therefore is: 
never try very close focusing with an extremely short focal length. The 
close-up (3 1/ 2 to 4 feet) is reserved for lenses of a generous focal length 
("generous" in comparison with the negative size) (page 176), which, 
incidentally, is the case with the standard lenses of the miniature and the 
6 x 6 cm (21/4 x 21/4 in.) cameras. 



Well, I must say- I rather like her. 

20. Sharp focusing with the coupled range finder is sometimes a little Easy focusing 
difficult for persons of both abnormal and normal vision. Here is an 
aid which may serve to facilitate focusing. A small piece of red gelatine 
or cellophane is attached to one lens of the range finder and a piece of 
green gelatine to the other. It will then be found far easier to bring the 
red and green images into coincidence. The colored sheets can be bought 
cheaply at all good stationers. If the small discs cannot easily be 
pressed into the lens mounts they can be cemented on with Canada balsam. 

Focusing discs designed to fit most standard size lenses are a useful aid to 
arrive at sharp focusing. They split the scene into two colored images of 
all objects that are out of focus. The vertical or horizontal positioning of 
the black band optically separates the lens vertically or horizontally into 
two physical lenses - one red, one green. In focusing the camera therefore, 
the two colored images optically move together or apart with the slightest 
mechanical focusing movement and, only - when critically sharp, do they 
become superimposed into one non-colored image (Harrison & Harrison, 
Hollywood 3S, Cal.). 

21. Very small stops such as f /16, £/22 often cause a decrease of sharp
ness with high-speed lenses. The maximum definition obtainable with 
f /3.5 and f /2 lenses usually lies round about f /5.6 to f /s (page 173 
" Resolving Power"). 

Stops too 
small 
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How's my Katie? Well . .. that's another story. 

The useful 
depth-of

field scale 

Hyperfoeal 
distance 
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22. A depth-of-field scale is an invaluable aid to any mInIature camera. 
I t can replace completely the ground-glass screen, for it serves to control 
the size of the aperture necessary to meet individual requirements. To 
make full use of the depth-of-field scale, the following points should be 
observed: Most miniature photographs deal with foreground and middle 
distance, and for this typ~ of work sharp definition is only required up 
to a certain distance. The limit may be 20, 35, 70 or 170 feet, and the 
depth of field need not extend beyond that point. This theory gives us an 
entirely different method of focusing. For example, in a landscape we are 
only interested in sharp definition up to about, say, 170 feet. We cannot 
stop down below f : 8 , as we wish to give an instantaneous exposure. In 
these conditions we should not focus upon the subject itself but set the 
rear index number 8 of the depth-of-field scale against 170 ft., the limit 
of our intended sharp zone. This method offers the advantage that the 
subject will be well within the zone of sharp definition and also that the 
depth of field i s shifted simultaneously as far as possible towards the 
foreground (hyperfocal distance, see page 193). Indeed, a sharp foreground 
is much more important especially in landscape photography than a 
distant background. The same, of course, applies to architectural photo
graphy and, indeed, to any type of outdoor picture. It holds good parti
cularly during the winter, because snow will only be given a true render
ing if every detail in the foreground is shown clearly. This applies also 
to photographs of water or stretches of sand by the sea. Making use of the 
depth-of-field scale in this way gives the same accurate distribution of 



Wasn't she after me! Too jolly serious . .. 

definition as the ground-glass screen method; the best effects are ensured 
by using a medium large stop (f: 5.6 or f : 8). The chief advantage lies 
in the fact that the exposure need not be reduced by working with an 
unnecessarily small stop. Naturally, this process may entail the loss of a 
few seconds, but it does not make the quicker snapshot system (page 21) 
less valuable. 

23. Good photographs must be sharply defined and free from blur. Ex- Avoid 
posures with a hand-held camera frequently tend to be slightly unsharp camera shake 
owing to camera shake, especially if the camera has a particularly long 
focus lens such as 90 mm or 135 mm. In such a case, it requires an exposure 
of at least l/toO second to guard against accidental movement, unless we 
can boast a particularly steady hand. 
If the shutter speed is too slow for a fast movement everything in the 
picture will be sharp except the moving subject. This is due to the so- How to use 
called "subject movement". When taking subjects at very high speed with focal-plane 
a camera fitted with a focal-plane shutter, the direction in which the shutters 
shutter travels is of primary importance. A subject moving at very high 
speed may give either a blurred or sharp picture according to the way 
in which the camera is held. In principle, the slit of the shutter should travel 
in the opposite direction to the movement of the subject, but as the 
movement as recorded by the film is opposite to the true direction of the 
actual movement, it is essential that the travel of the slit coincides with 
the movement of the subject (in case of the Leica the slit travels from 
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The risk of 

You think so? Well, yes, perhaps, - but -

right to left). However, this applies only to subjects moving at really 
high speed. As the direction of the movement of the shutter cannot be 
altered in the camera, it can only be cOlnpensated for by turning the 
camera upside down. 

24. Rapidly moving objects may be caught without using the maximum 
possible speed, in fact, even with inexpensive shutters working at 1/ 100 

to 1/ 250 sec. This is done by "swinging" the camera, i. e. the camera is 
made to follow the movement of the object and the shutter is released 
at the critical moment. The background naturally becomes blurred, but 
this is of no importance. In fact, it may be an advantage. It just depends 
on time and place. With perfect timing, a car racing at 200 m.p.h. can be 
made to look as if it were doing a mere 30 m.p.h., whereas a feeling of 
speed is immediately imparted to the picture by using an exposure of not 
more than, say, 1/ 50 sec. and swinging the camera in such a way that the 
car is rendered sharply while the background will give the necessary sug
gestion of speed. Swinging the camera also prevents that undesirable 
"freezing" of the movement which is caused by an extremely high shutter
speed. 

25. A focusing trick when photo"graphing very small' moving objects is 
given under ABC on page 261. 

parallax with 26. When taking close-ups (3 to 6 feet) difficulties may arise by paral
close-ups lax. With the exception of the single-lens reflex camera there is always 
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after all there's plenty others. 

some divergence between the viewfinder image and the image on the film. 
Hence, pictorially important parts of the subject, which are included in 
the finder., may be excluded from the final picture. There are several ways 
of overcoming this obstacle: firstly., automatic compensation of view finder 
parallax. Some miniature cameras have such a device. Secondly, special 
finders such as the Viooh, Leica-Universal Finder eliminate this defect. 
Thirdly., the use of reflex focusing screens which give such a large picture 
area that they include any possible parallax error (Rolleiflex etc.). 
Fourthly., in the absence of any parallax compensation whatsoever., a good 
plan is to get the required picture in the finder and then to tilt the 
camera slightly when taking close-ups. 

This must be done in such a way as to cause the lens axis to incline itself 
towards the finder axis. Unfortunately this procedure is insufficient when 
the subject is very close to the camera. 

27. Sometimes blurred pictures are obtained with mInIature cameras Warp ed film 
although they are equipped with high quality lenses. It is obvious that 
this is not the fault of the lenses but that of the film which is not 
absolutely flat, but has warped. AU cameras are now fitted with a special 
pressure plate which is., however., of no avail if the camera is not properly 
loaded. Loading a camera varies with different makes. The film advance in 
most cameras is done by sprocket wheels which engage the perforated 
edge of the film. If the sprockets do not properly engage the holes of the 
perforation and are pushed out of place (e. g. by placing the back of the 
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camera in position) the film is bound to warp and liable to subsequent 
complications. In slipper clutch cameras the whole tension is transferred to 
the full width of the film and, when properly loaded, warping is prevented. 
In order to ensure a perfectly Hat position of the film, it is a good plan to 
advance the film (simultaneously cocking the shutter) immediately before 
the next exposure. 

27 a. For portraits, a soft-focus lens may be employed, but caution is 
advisable. To avoid fuzzy pictures, a soft-focus lens should not be used 
when working with the full aperture of the taking lens (see page 161). 

The "soft-focus" effect not only produces a pleasing softness of tones and 
contours but reduces contrast to some extent. This softening of the contrast 
may often be put to very good use. Portraits with soft-focus accessories 
can be made even in bright sunshine because the slight diffusion will 
obviate hard shadows and gives good modelling to the face. Softened 
miniature pictures, however, call for the best fine grain developers avail
able (see page 109) and a very moderate softening (there are three dif
ferent degrees). An example of the soft-focus effect is illustrated on 
page 161. In order to get sufficient contrast, softed negatives must be 
developed for about 1/ 5 longer than usual. 

28. Occasionally it is desired to develop only a few exposures from a normal 
36 exposure 35 mm film. This is not very easy, and is usually associated 
with a certain amount of waste of film material, but a small knife, espe
cially for the Leica, is on the market and with this the film can be cut 
without loss of material. It must, of course, be done in the dark room. The 
knife is inserted into the case, where it grips the film and cuts it with the 
greatest of ease when slight pressure is applied. 

29. Scratches all along the length of a film are usually called "streetcar
lines" or "tramlines". Tramlines were the nightmare of the early miniatur
ists and they still occur both with miniature and roll film cameras if the 
camera is not loaded properly. Many of these scratches are caused by rough
ness or dirt and dust on the surfaces over which the film passes. The interior 
of the camera should be dusted at frequent intervals. It is, however, bad 
policy to clean the camera immediately before loading a new film. Some 
dust particles, not removed, may settle down on the emulsion and cause 
scratches. Roll film cameras with bellows are liable to produce streetcar
lines when the film is advanced with the camera closed. The camera should 
be opened before the film-wind knob is operated. When loading' the camera, 
the seal of the roll film spool should not be slit open before the spool is 
placed in its chamber. Inserting the spool into the camera without paying 
any regard to the necessity for keeping the paper tight, will fog at least 
the edges, if not the whole film. It is still worse when the photographer 
tries "cinching" the spool by pulling the paper to tighten it up. Faulty 
loading may cause unsharp pictures as we have seen under No. 27. Parti
cular care should be taken in opening a bellows camera to make sure that 

It takell a magnifying glass with a magnification of at least ten times to 

64 reveal the good points - and the faults - in a miniature negative. 
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the bellows do not open too rapidly. Cameras with a "self erecting front" 
exert a powerful sucking action on the film and may cause it to bulge. 
Keep your thumb on the baseboard and allow it to open quite slowly. 

30. To expect perfect definition in ' a 7 diameter enlargement from a 
miniature negative, is to expect the impossible. There are so many possible 
errors, including those of atmospheric and spectrographic origin, not to 
mention the most prolific source of all: the personal error. One can 
well imagine the possibility of such an error when one uses a miniature 
camera with various interchangeable lenses and assumes that the camera 
which may be perfectly adjusted by itself will be equally accurate 
when auxiliary lenses are employed. Here, inaccuracies may arise for 
the following reasons: the lens-system with which the camera is pro
vided was exactly adjusted for each distance of its scale, for each lens
system has its own requirements. An objective, officially of 50 mm focal 
length, may not be in perfect focus at 50 mm, and even the most minute 
differences make it essential for a particular focusing scale to be adjusted 
in such a manner as to make it coincide with the range finder for its 
particular system. It must be admitted, however, that the leading firms 
have achieved a precision in this field which only a few years ago was 
considered impossible. The fact that defects may creep in, is by no means 
so astonishing as the fact that with most of the auxiliary lenses the 
modern miniature camera 'will almost invariably pass the severest exami
nation. In view of the casual way in which photographers and photo
dealers change lenses and camera bodies around in a light-hearted way, I 
should like to mention that not all modern lenses fit the older models of the 
camera for which they are not computed. A new lens will accurately match 
the camera for which it is made, but need not necessarily fit the identical 
pre-war camera. The same applies to pre-war lenses when they are used 
with a new camera. Cases may arise where the margins of error become 
cumulative, but more often they cancel each other out. This occurs 
especially with wide-angle or long focus lenses, where a change of focus 
may occur on stopping down. This change in focusing position cannot 
always be avoided and is due rather to the system of interchangeable 
lenses of the miniature camera than to any fault in manufacture. The 
theory of definition and the method of its control is dealt with on pages 
172 and 189. 

Many of the complaints about lack of definition are unjustified, because 
they have nothing to do with either the lens or the camera. Lack of 
definition may very well be due to the enlarging lens. A test of the 
definition of such a lens can only be made provided that it is accurately 
fitted to the enlarger. If the test concerns large scale enlargements the 
lens should be stopped down to f : 8. 

Miniature Hints 

Lack of 
definition 

31. Focusing correctly to a close subject by means of a coupled range- Tilting 
finder, is by no means as easy as it sounds. If the camera is only slightly the camera 
tilted or canted, or if the photographer looks into the range-finder at an 
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angle the result will be inaccurate. Coupled range-finders, especially when 
used with long focus lenses, must be operated with the greatest exactitude 
possible. 

32. Focal plane shutters have been known to evince an unpleasant ten
dency to expose the film in uneven strips, usually with a tendency to 
over-exposure the center of the negative. One may test for this by making 
an exposure with a slow film of about 20° B.S.I. = 8 A.S.A. = 10/10° DIN. 
This defect may become quite fatal , if it occurs in photographs including 
uniform areas such as snow or sky. 

33. Although it sounds absurd there are such things as "unsharp" films, 
that is to say, films which tend to a lack of definition. The explanation is 
that the resolving power or resolution of the camera lens (see page 172) is 
greater than that of the emulsion of the film. The resolving power of an 
emulsion is its ability to reproduce fine detail. This power is closely 
related to the turbidity of the emulsion. Fine grain emulsions are almost 
transparent, whereas the emulsion of fast films (which are frequently 
double-coated) is thick and cloudy. The thick layer of emulsion causes 
irradiation, which means that the incident light is scattered within in the 
emulsion in almost the same way as does a sheet of opal glass. Irradiation 
causes the image, especially the contours, to spread, which means that the 
originally sharp outlines are markedly falling off in definition. The emul
sions of different films vary in thickness. Most modern films have now a 
very thin layer of emulsion and may, therefore, produce a sharper picture 
than double-coated films. The resolving power is thus improved, but the 
exposure latitude reduced. Thin-coated slow films such as Agfa Isopan FF, 
Schleussner Adox KB 14, Perutz Pergrano, Gevaert Microgran, Ansco 
Supreme, Du Pont Fine grain Pan, Kodak Panatomic-X Type B, Ilford 
Pan F etc. yield the finest grain. 

34. About "Macro Photography" with miniature camera lenses see page 
192. About photography with artificial light see pp. 194. 

A discovery 35. There are cameras with which there is no need for expensive nuisances 
such as coupled range-finders, parallax compensators and all the rest 
of the kit. Furthermore these cameras are very cheap and, still further, 
they use inexpensive material - all this for the simple reason that 
the emulsion was poured on to a plain glass plate instead of an expensive 
strip of celluloid. They are none other than the loyal half- and quarter
plate field cameras. They give magnificent definition and excellent 
enlargements which are noted for the abundance of middle-tones they 
produce. Everything is so much easier and simpler with these cameras 
and results are obtained with far less trouble. They ha:ve all these qualities 
and more, but they lack one little thing - temperament! The others are full 
of life! However, they are big and clumsy to carry about and tend to' 
become static. The miniature camera is always ready for action, active and 
dynamic ... We cherish our big cameras but we take the small ones with us. 
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36. A rather special and intermediate position is taken up by the Linhof 
Technika (page 11) ., which is a 31/4" x 21/4" plate camera adaptable to roll
film. It has long-focus auxiliary lenses ., an extension attachment and a 
coupled range-finder. And there are still the Rollei- and single-lens reflex 
cameras. 

· ~liniature Hints 

67 



Miniature Hines 

An exposure 
m eter ~s an 

asset 

Ex pose 
generously 

Sp eed and 
fin e grain 

Fine-grain 
developers 
n o longer 
necessary 

C. The Necessity of Correct Exposure 

37. The modern way of developing films by time and temperature will 
produce a satisfactory negative only when the exposure time is as near 
correct as possible. The use of an electric exposure meter is an added 
convenience and reduces the risk of unsatisfactory results. The electric 
exposure meter, in conjunction with tank development, make it possible 
to produce negatives in which the range of every tone, from highlight to 
shadow, is well and evenly recorded. It is a fact that a photographer with 
a relatively cheap camera and an electric exposure meter can obtain a 
film strip with excellent negatives throughout while another man with a 
high-precision camera may not reach this standard because he trusts 
blindly in intuition and experience. The human eye and brain are, how
ever, not absolutely reliable, though even with an exposure meter one must 
still use one's head. 

38. When in doubt give a generous exposure rather than too short a one, 
but this must not lead to systematic over-exposure. " Generous" means: 
a half or whole stop larger or the next slower shutter speed. The exposure 
meter must be pointed to the mean brightness range of the subject when 
shadows prevail or when the subject itself contains very dark shadows. 

39. With regard to fine-grain development, modern films have changed 
;considerably the methods hitherto indispensable. The exposure time and 
the size of the grain used to be dependent on the developer used. To 
obtain a very fine grain with a special fine grain developer, the exposure 

;time had to be prolonged (double the usual time). In order to avoid 
" hard" negatives (see "gamma", pp. 137) the miniature system required 
optimum conditions and strict control throughout the entire process. There 
was almost always a loss of emulsion speed and Dr. Wolff's famous recipe: 
" Expose generously - develop moderately" was the only way to ensure 
success. 

However, since the "minimum useful gradient" of a film is now formulated 
in B.S.!., A.S.A. and recently also in DIN-degrees and since the grain of 
modern emulsions is getting finer and finer, there is no longer any need 
for true fine-grain developers. The speed indicated on the film-box can 
now be developed no matter which developer you use. This does not 
mean, however, that you should tryout every new developer on the 
market. There is no harm in using a proprietary developer, but if you 
wish to avoid disheartening disappointments stick to one film and to one 
developer and make the best of this combination. 

There are, of course, exceptions: · 

Ex ceptions 40. The illustration on page 69 is one of them. Normally the magnifi
cation is 6 to 8 x, in this picture it is 16 x. This means that it is an 
extreme case (it is the same when a portion only of a miniature negative 
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This IS an enlargement from a negative taken with the MINOX camera by Max Bethke. 
In the left-hand corner a contact print from the original negative. 
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has to be enlarged) in which only an extreme developer will provide good 
results. This would be one of the true fine-grain developers with phenylene
diamine (see pp.90/91) and, of course, would require double the normal 
exposure time. An extremely fine grain demands some sacrifice. Another 
exception is the subject with abnormal contrast (against-the-light). A 
printable negative can be obtained only with a longer exposure time. 
(This applies to any developer). Thirdly, electronic flash exposures should 
be given 30 % longer development than is usual with tungsten lighting. 
Most of the electronic flash guns for amateurs now have a longer flash 
duration and, this being so, a longer exposure time is better than a longer 
developing time. - It should be mentioned here that modern developers 
can utilize the speed of a film up to 100 0/0. This could not be done with 
the old types of semi-fine-grain developers. In this respect modern develo
pers are much more effective. 

Full details of lDiniature fillD developlDent will he 

found under "The finer points of developing", page 10(. 

A very useful lUagnifying glass 

which is an indispensable part of the mInIature-camera photographer's 
outfit. It saves many a sheet of paper. It should have a magnifying factor 
of 3 to 4. A factor of 10 gives ten times better results! Such a glass will 
show up grain and unsharpness without any hesitation. 
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Processing Technique I 

A Concise Course of the Processing Teehnique 

We could easily design a perfect darkroom if such factors as money and 
space did not need to be taken into consideration, but it would only be 
for the privileged few, and so we will restrict ourselves to the minimum 
required for cleanliness and accuracy. In the absence of a darkroom 
proper, the bathroom is the best substitute, one corner being fitted up 
with a small table, chair and shelf for the purpose. The best black-out 
device is a frame with a piece of black oilcloth stretched tightly across it, 
and a strip of felt all round the edge, made to fit exactly into the 
window-frame. The bathroom has one serious drawback: steam has a bad 
effect upon our implements, photographic papers and, in some cases, 
chemicals, consequently they should only be brought into the bathroom 
when required. There is no need for sombre colors in a darkroom. White 
washable paint is a great asset, but comfortable working conditions are 
ensured only by a good and safe illumination. 

The illnm.ination of the darkroom. 

72 

On no account try to economize on the illumination of the dark room. 
Lamps with interchangeable safelights are the most satisfactory. The single 
colored safelight lamps can also be recommended. Bulbs coated with 
colored varnish should not be used. Preferably the room should be light 
enough for work to be carried out by indirect light. Apart from white 
light, the following colored illumination is needed: -

Deep red for developing orthochromatic films (not panchromatic), (Agfa 
107, Ansco A-7, Kodak 2, Ilford 906). 

Lime-yellow light for handling bromide enlarging papers and for making 
artificial light prints on chloro-bromide and gaslight papers, (Kodak OB, 
Agfa 113 D, Ilford 901, Ansco No. 4-6). 

Deep Green (preferably reflected off wall or ceiling) for handling pan
chromatic films (Agfa 108, Kodak 3, Ilford 908, Ansco A-3). 

From personal experience we recommend that the light red filter be 
replaced by the excellent green-yellow filter Ansco No. 4-6 or Kodak OB 
lime-yellow safelight. Both bromide, chloro bromide, and gaslight papers 
may safely be developed in the light thus afforded, effecting a consider
able economy in outlay. This filter has in particular the great advantage 
that, unlike red light, it does not give an incorrect impression of contrast 
and density, and consequently enables one to judge exactly the density of 
the print as it develops. 

Since any light will cause fog if a sensitive film or paper is held close 
enough to the lamp for a sufficient time, the wattage of the bulbs used 
should be low (15 to 25 watt) and the light should fall indirectly on the 
working place. 



Processing Technique I 

I t may be mentioned at this point that a darkroom and its safe- Tank 
lights are superfluous for anyone who develops his own negatives development 
in a light-proof developing tank but does not print or enlarge them see page 29 
himself. A darkroom bulb for panchromatic fiZ,ns in any dark corner 
should be adequate in such a case. The green light is only needed 
when loading films into the tank, but not for any other purpose, 
consequently those who are concerned only with this elementary 
process may now turn to page 104. However, it may be of some 
interest to them to know more about the processing technique 
which we will describe, taking the developing of a quarter plate 
as our example. 

The ilDplelDents 

The following implements must be provided in the darkroom in which the 
work is to be carried out: -

Two or three small (6 x 8 in.) glass or porcelain trays for developing. One 
large tray for fixing. Two graduated glass measures, one for 250 cc and 
one for 10 cc. A glass or plastic funnel. Darkroom scales with weights. 
A darkroom second timer. Bottles for storing chemicals and solutions. 
Two pairs of tongs for developing and fixing prints. (These should be 
marked and never interchanged.) Wooden clips, a few dozen cork clips. 
A thermometer. (The prescribed temperature of 65 0 F (18 0 C) must al
ways be maintained in developing.) A stone jar or large preserve jar for 
storing the fixing bath. A hand towel, as fingers soiled with developer 
stain the clothes, and hands which have come into contact with hypo 
solution should always be rinsed at once. An overall or apron (plastic). 
In order to protect the negatives from particles of chalky deposits, iron 
rust etc. suspended in the tap-water, one of the inexpensive water filters 
is recommended. It will help to reduce spots on films and prints. 

The preparation of solutions in their exact proportions and the procedure 
to be adopted with the various chemicals is described on pages 82/99. 

It is obvious that everything should be kept in strict order in the dark
room, if only for the sake of the others in the house, as some photographic 
chemicals are poisonous. The developers normally used are not poisonous, 
except Metol and Paraphenylene-diamine, which cause irritation to the 
skin in many cases. Hypo solution is also harmless. In one's own interest, 
however, every glass vessel should be accurately labelled. 

The arrangelDent of the trays 

is important when space is limited. Whatever arrangement is adopted, the 
hypo tray must be at least a foot away from the developer, for the slight
est splash of hypo solution would spoil the developer and the developed 
negative would show a yellow stain. Water for rinsing the fingers should 
also be within reach. 
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The developing process 

The chemical theory of development is as follows: At first nothing is 
visible on the exposed film~ the image being "latent". The light has how
ever already started a chemical process in the silver bromide layer (silver 
bromide crystals embedded in gelatine) and this process is made visible 
by means of the developer (see page 84). The latter splits off bromine 
from the exposed silver bromide particles (the bromine being absorbed 
by the developer) ~ and reduces the original silver bromide to metallic 
silver in direct ratio to the amount of exposure it has received. The in
numerable particles of metallic silver produce the photographic image, 
the negative. The unexposed silver bromide particles are not affected by 
the developer~ unless it is too hot or the film very old, in which case they 
may he reduced as well~ causing fog. The particles of metallic silver form 
the well-known "grain" of the film and can easily be seen with a magnify
ing glass in the finished negative. 

This theory may now be demonstrated in practice: 

Let us assume that an orthochromatic 9 x 12 cm (3 1/4 x 4 3/ 4 in.) plate has 
to be developed. Any so-called rapid developer may be used for this pur
pose, metol-hydroquinone~ Rodinal ~ Azol, I(odak Elon and Phenidone and 
glycin being the best known. The plate is developed in metol-hydroquinone 
1 : 6, i. e. one part of developer being added to six parts of water. Applying 
these proportions to a 9 x 12 cm (3 1/4 x 4 3/ 4 in. ) tray, 120 cc of water are 
added to 20 cc of developer solution (which may be bought ready for use 
if desired). The two ingredients are placed in the tray~ thoroughly mixed 
together and the temperature of the developer brought as near as possible 
to 65 0 F (18 0 C). 
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The acid fixing bath, which can also he bought ready for use ~ is also 
prepared beforehand. One quart of lukewarm water is poured into the fixing 
tray and the prescribed amount of chemical (given on the wrapper) added. 
The water should on no account be poured on the hypo powder~ as this 
would produce a solid cake difficult to dissolve. It is very important that 
care should be taken when dissolving the hypo powder to avoid it being 
scattered about~ for this would "infect" the whole darkroom~ hypo having 
a detrimental effect upon undeveloped material and upon the developer 
itself. It is therefore advisable to prepare the fixing bath not in the dark
room, but over the kitchen-sink. It is mixed with tepid water~ because the 
fixing salt absorbs heat while dissolving and if cold water were used, the 
temperature of the fixing bath would be too low for use. It should be about 
65 0 F (18 0 C). When the hypo is completely dissolved~ the tray with the 
fixing bath is placed in the darkroom~ the hands are thoroughly rinsed, 
and the developing process begun: The white light is switched off and the 
red light (for the orthochromatic plate) switched on. The exposed plate is 
removed from the dark slide and placed in the developer~ the tray being 
tilted a little as the plate is inserted. When the tray is tilted back again 
- not too hastily -, the developer at once flows over the plate, the emul-



Young finches~ phot. H. ~Iiiller-Brunke 
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Slon side of w·hich naturally faces upward. There is no need to hurry the 
insertion of the plates into the developer. If the developer passes slowly 
and evenly over the dry emulsion, there is less likelihood of the formation 
of air bubbles, which should of course be avoided, as the developer can
not act under the bubbles. As a precaution it is advisable to brush the 
surface of the plate carefully with a very fine brush at the commen
cement of development. In metol-hydroquinone 1: 6 the image appears 
after about 30 - 45 sec. development. The first to appear are the high
lights, the parts which will finally be the blackest on the negative. While 
the tray is slightly rocked, so that the exposed parts can be acted on 
continuously by fresh developer, the image gradually increases in strength, 
the half tones appear and ultimately the shadows, i. e. the parts which 
have received the least exposure. After about 4 minutes the negative may 
be held up to the light and every detail of the shadows will appear to 
have been developed out, although, were the process concluded at this 
point, the negative would be much too thin. Even if it appears sufficiently 
strong when held up to the light, it would be found later that not only 
does red light make contrasts appear stronger than they really are, but 
also the negative appears to lose a certain amount of density in fixing. 
A normally exposed negative should therefore be developed until there 
is a very light fog over the whole image, and the non-exposed edges of the 
negative stand out clearly from the picture. Normally this stage will be 
reached with metol-hydroquinone 1 : 6 in about 6 minutes. The negative 
is quickly rinsed (preferably under a tap) and placed in the hypo solution. 
The latter interrupts the developing process at once and the yellow light 
can be switched on after 20 or 30 seconds. 

Fixing 

The purpose of the fixing process is to render the negative permanent. 
IIi. the acid fixing bath the developing process is interrupted at once by 
the acid and the unexposed silver bromide is dissolved by the hypo. The 
milky "fog" is thus eliminated from the negative and it becomes trans
parent. 

When the last traces of unexposed silver bromide have been dissolved, 
it should not be removed from the fixing bath, but be allowed to remain 
in it for double the time taken for the yellow coloration to disappear. 
On the average this process lasts 12 - 15 minutes. With modern rapid
fixing baths (Perutz, Hauff, Amfix, Mallinckrodt, Edwal, Kodak) the fixin g 
time is reduced to 4 minutes. 

Washing 
The last trace of hypo solution must then be washed out of the emulsion. It 
is advisable to wash under slowly tunning water. A ba·sin is quite suitable 
for this purpose, but there are special washing vessels on the market. 
The following is also a simple and reliable method of washing: - Six cork 
clips are distributed around the edge of the plate which is then placed 
emulsion downwards in a basin of water. As the hypo is heavier than the 
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Left: A sharp, correctly exposed and developed negative. Right: The print. 

Left: Over-exposed. The negative as a whole is too dense. If it had been developed for a 
longer time the fog, caused by over-exposure, would have been developed also without 
strengthening the image in the depth of the emulsion. Right: Correct exposure hut 
over-developed. Over-developing is shown by the fact that the tog not merely covers the 
picture - as shown in over-exposure - but also extend" to the edges. 
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Left: Very much under-exposed, no shadow detail even after prolonged development. "Increas
ed development useless, as there is nothing to develop in the absence of proper exposure. 
Right: Also under-exposed, but in any case the scene was lacking in contrast. The negative 
could thus be "coaxed" until all the fog is eliminated without causing undue contrast, a s 
in the picture on the left for instance. Soft-working emulsions can also be "coaxed" 
without risk of excessive contrast. 

water, it diffuses out of the emulsion to the bottom of the vessel. It is of 
course essential that the water should not be stirred up. After about 1/2 to 
1 hour the position of the cork clips is changed and after about 2 hours 
the negative will be thoroughly washed. 

The drying of the negatives 

The plate is placed on a wooden plate draining rack and dried in a place 
free from dust. Before it is left, any drops which have accumulated on the 
emulsion in the course of a few minutes, should be removed with a slightly 
moist, squeezed-out chamois leather. If several plates are dried simul
taneously, a space of about 11/2 in. should be left between them, as other
wise the emulsion may dry unevenly. If an attempt is made to accelerate 
drying by placing the wet negatives in the sun, the emulsion will probably 
melt and run off. Plates dry very rapidly if placed for about 10 to 15 
minutes in methyl alcohol, which abBorbs the water. Ordinary pink methylat
ed alcohol will do, although this may cause a silvery fog if the plate is 
dried too rapidly. This fog can be removed by returning the plate to the 
wash water. After the alcohol bath the negative appears to dry very 
quickly, but owing to the rapid evaporation, it becomes so cold that it 
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frequently absorbs moisture from the air again, necessitating further 
drying. Films should not be dried in alcohol , as it attacks celluloid 
(see page 117). 

The development of roll filIUs and fillU paeks 

The individual films of a filmpack can be developed separately in a tray 
or in special tanks, in which they are suspended by clips or frames. In 
contrast to rapid development, this tank development takes between 
15 and 30 minutes, according to the strength of the developer used. This 
process can also be applied to plates. 

Roll films can also be developed in a tray; the length of film, which has 
previously been softened a little by soaking in water, being see-sawed 
through the developer. There are special trays obtainable for this pur
pose, but as this method requires some skill it is advisable to develop 
roll films in tanks. This brings us to the most modern scientific method 
for developing miniature films, i.e. developing in a daylight tank, which 
has been discussed on page 29. 

The fixing of HIm. strips 

The film may be fixed in the tank itself or in a tray, according to the 
construction of the developing tank. The film should be quickly rinsed 
beforehand so as to remove excess developer. The fixing process has been 
described fully on page 76. 

The washing and drying of fillU strips 

The film can be washed in running water, either in the tank or in a wash 
basin or bucket. In the latter case it is suspended from cork clips. The 
cork c1ips are attached only to one longitudinal edge of the film, which 
then stands vertically in the water while the hypo solution is washed out 
downwards. The position of the clips should be changed frequently. After 
2 hours the film will be thoroughly washed and may safely be removed. 
The drying of a miniature strip needs the greatest care, special directions 
for this being given on pp.32 and 117 under the heading of Developing 
Hints. 

Printing with artificial light 

When a negative and a sheet of photographic paper are placed emulsion 
to emulsion in a printing frame and the whole exposed to light, a positive 
is obtained. When daylight printing paper (printing-out paper) is used, 
the image appears at once, and the print is placed in a toning and fixing 
bath where it assumes its final color and becomes permanent. The small 
range of daylight papers available and their violet-brown tones tend to 
make this rather old-fashioned process unpopular. Nowadays the so-called 
gaslight papers are exposed in artificial light and the latent image thus 
obtained is developed like a plate. Since printing papers for tungsten 
light are relatively insensitive, development is carried out in yellow light. 
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The explanation i s 
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wa s fa ster than the 
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pil s. 

Experience has shown that metol-hydroquinone in 1 : 4 solution is best 
for developing purposes. The exposed sheet is held at the edge in a pair 
of print tongs and placed sideways into the developer tray which is rocked, 
so that the developer flows evenly over the whole image, as soon as the 
tray is tilted back. The tray should be rocked continually throughout 
development~ which should normally take from 45 to 60 seconds. There 
are papers of different grades of contrast, from extra soft to extra hard, 
for hard or soft negatives respectively. After development, the print is 
rinsed quickly and placed in the . acid fixing bath. If the bath is fresh, 
it remains there for 5 minutes; if already used, 8 -10 minutes. The prints 
are then washed very thoroughly in running water for about 1 hour, care 
being taken that they do not stick together, and are then suspended from 
wooden clips for drying. 
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Preparing solutions 

Unless otherwise stated, the solvent is ordinary water. When mixing devel
opers, however, boiled water should be used if possible, as it contains 
less air and consequently will not oxidize the developer so readily. 

I 

The temperature of the water should not exceed 49 0 C (120 0 F) . Water of 
this temperature dissolves the chemicals more rapidly (except in the case 
of potassium meta bisulfite ). A very important rule in making up photo
graphic solutions is to make quite sure that each ingredient in turn is 
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completely dissolved before the next is added. All solutions should be 
made in glass, stoneware, or unchipped enamel containers, but never in 
metal vessels. Anhydrous salts, such as anhydrous sodium sulfite or an
hydrous sodium carbonate must be dissolved in water in small quantities 
while stirring vigorously and the water must on no account be poured 
over them, as they will cake and difficulty will be experienced in dissolv
ing them. This applies especially to proprietary brands of acid fixing salts. 
Most other crystalline chemicals do not cake when water is poured over 
them. 

When weighing out small quantities of chemicals, letter scales are insuf
ficiently accurate, and a small beam balance should be used. The balance 
pans should each be covered with equal-sized pieces of paper, so that they 
do not come into contact with the chemicals. 
If weights are not available, coins can be used, provided their exact 
weight is known. 

Metal or wooden spoons should not be used in weighing, but plastic spoons 
or horn spatulas as used by chemists will be found satisfactory. 

Developer solutions which are found to be cloudy after mixing should be 
filtered or allowed to settle and then decanted carefully. 

" •••• percentage solutions" 

A 10 % solution is one which contains 10 grams chemical in 100 cc of total 
volume, the percentage thus being by weight. A 10 % solution is made 
up as follows: 10 grams of the chemical are dissolved in 90 cc of water. 
This does not give 100 cc of solution as the chemical occupies a smaller 
volume than water, so that water is added to make the bulk to 100 cc. 
Grams and cubic centimeters can only be assumed as equivalents in the 
case of water, but with weak acid solutions (acetic acid, hydrochloric acid 
etc.) correct mixing by weight is unnecessary; for instance in a 2 0/ 0 

solution, 2 cc of acid can simply be added to 100 cc (3.2 oz.) of water. 

The use of correct weight percentage solutions is particularly helpful 
when weighing of several small quantities is to be avoided~ 

-~ 

The Cross Rule (Only applicable to solutions already made up.) 

To convert a high percentage solution into one of lower percentage, the 
cross rule may be used. Assuming a 15 % solution is to be converted 
to a 5 0/ 0: -
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5 10 

The percentage content of the initial solut
ion is written at the top left corner, that 
of water (here 0 %) at the top right and in 
the center the required new per"centage. The 
difference between the figures on each dia
gonal is put at the lower end of the dia
gonal concerned, i.e. on the right 10, on the 
left 5. 

The result is: 5 parts initial solution (left) 
to be mixed with 10 parts water (right) 
to make the required 5 % solution. 

Two stock solutions can also be converted into a third of intermediate 
percentage with the cross rule. Example: a 10 % solution to be made 
from a 20 % and an 8 % solution. 

2 

lukewarm water while 

Solutions 1: X 

10 

Result according to the diagonals: bottom 
right, difference 10, bottom left, difference 
2. Therefore mix together 2 parts of the 
20 % solution (left) with 10 parts of the 
8 % solution (right). By a concentrated 
(saturated) solution is meant a solution of 
a chemical in water, in which no further 
amount of that chemical can be made to 
dissolve. A concentrated solution is made 
by adding small amounts of chemical to 

stirring, until nothing more will dissolve. 

There is an alternative method of defining the strength of a solution, 
particularly with respect to the ratio of mixture of liquids, i.e. water and 
concentrated developer solution. A developer with ratio 1 : 4 is one in 
which 1 part of the stock solution is added to 4 parts water, giving a 
solution of 5 units. To ascertain the percentage of this solution, divide 
100 by the units in the solution, in this instance 100 : 5 = 20, i.e. 20 %. 

A rule of thumb for solution and mixtures: 

For instance: In a ten percent solution 10 grams 
of a chemical (or 10 cc of a liquid chemical) are 
in a total volume of 100 cc of water. 

1 : 10 means: 1 part plus 10 parts 
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Equivalent alUounts of substit~t~ ehelDicals 
./ 

Some photographic chemicals in common use may be replaced by others 
of similar action if the quantities are properly adjusted. The ratios are as 
follow s: -

cryst. sodium sulfite to anhydrous 
cryst. sodium sulfite to potassium m~etabisulfite 

anhydrous sodium bisulfite to potassium metabisulfite 
anhydrous sodium carbonate to cryst. 
anhydrous sodium carbonate to potassium carbonate 
cryst. sodium carbonate to potassium carbonate 
caustic soda to caustic potash 
caustic soda to cryst. sodium carbonate . 
caustic soda to anhydrous sodium carbonate 
caustic soda to potassium carbonate 
caustic soda to tribasic sodium phosphate 

The COlDposition of developer solutions 

as 2: 1 
2 : 0.9 
1 : 1 
1 : 2.7 
1 : 1.3 
2:1 
1 : 1.4 
1 : 12 
1 : 4.5 
1 : 6 
1:5 

A developer consists of the actual developing agent (metol, amidol, 
phenidone, hydroquinone, etc.), a preservative preventing rapid oxidation 
(usually sodium sulfite) and an alkali (sodium or potassium carbonate, 
caustic soda, etc.), the function of which is to loosen the structure of the 
gelatine and accelerate the developing process. The character and the 
quantity of the alkali have a profound influence on the properties of the 
developer. There are strong alkalies (caustic soda, caustic potash) , others 
of normal strength (soda, potash, tribasic sodium phosphate etc.), and 
finally alkalies of little energy (borax). 

Some developers will act without alkali, VIZ. metol, amidol and para
phenylene-diamine. 

The Types of Developer 

The developers are differentiated according to the purpose to which they 
are suited and their concentration, as follows: -

1. Rapid Developers (metol-hydroquinone, glycin, Rodinal, Azol, amidol, 
1\tlallinckrodt Pictol, I(odak Elon, Phenidone, etc.) for tray use, producing 
a very black image in about 4 to 7 minutes. These developers are usually 
highly concentrated, stand dilution up to 100 times and work rapidly. 
They are not generally used for modern developing, as they give too much 
contrast and too coarse a silver grain. 

Recently, however, Agfa has published new instructions for the use of the 
Rodinal developer: Slow-speed films -such as Isopan-FF should be developed 
for 15 to 20 minutes at 65 0 F (18 0 C) in a Rodinal solution 1 : 100. -
Isopan-F develop for 20 - 25 minutes in Rodinal 1 : 75 and high-speed 
Isopan-ISS films for 6 to 8 minutes in Rodinal 1 : 20 or for 10 to 12 minutes 
in Rodinal 1 : 40 at 65 0 F (18 0 C). 



Processing Technique II 

2. Tank Developers (glycin, pyrocatechol etc.) which are diluted deve
lopers intended to handle large numbers of negatives in developing tanks. 
The diluted solution (developing time usually 15 to 60 min. according 
to directions) acts more gently than those under (1), which can however 
also be diluted for tank developing. This process to a certain extent com
pensates for the differences in exposure which may occur on a strip of 
film, but this action is more positive in the case of: -

3. Compensating Developers (pyrocatechol, page 88, and certain pro
prietary brands). These developers yield negatives in which the contrasts 
are evenly balanced, they are used to rectify errors in exposure. This also 
occurs to a certain extent with the: -

4. Fine grain developers, which are employed especially in miniature photo
graphy where a fine grain is imperative. There is the older type such as the 
famous Kodak D 76, there are the commercial fine grain developers and 
there are finally the extreme ultra fine grain developers of the phenylene
diamine type. 

Basic Principles of the Deyeloping Teehnique 

Development should take place at a temperature of 65° - 70° F (18 - 19° C). 
Negatives developed at lower temperatures will appear underexposed and 
flat, unless the time of development is increased considerably. Those 
at higher temperatures will be overdense, contrasty and somewhat fogged. 
In winter, an even developing temperature can be maintained by placing 
the developing tank or tray in a large dish of lukewarm water, or an 
immersion heater may be used. In summer it may be necessary to place 
the developing vessel in a pan of cold or ice-cooled water. 

Highly concentrated solutions are quick acting and produce a fairly high 
contrast. Dilution causes development to be slower and the image to be 
less contrasty and finer grained. It should be remembered that all deve
lopers are liable to exhaustion, and as a rule the greater the alkali con
tent the greater the tendency to oxidation. 

Old developers are unreliable, as their activity cannot be controlled, but 
moderately used developers, especially metol-hydroquinone used for de
veloping prints, can be kept without difficulty in bottles, provided they 
are filled right up, or contain as little air as possible. 

Warm developers (up to 32 ° C = 87 ° F) bring out the utmost from nega
tives which have received a very short exposure, but in most cases causes 
bad fo,g. This kind of experiment is dangerous. 

111etol developers in stock solution which have been over-cooled or kept 
in too cold a place are liable to the crystallization of some of the con
stituents. Heat should remedy this, but if ineffective, add 10 % caustic 
soda solution, a drop at a time, and shake until the crystals dissolve. The 
addition of pure alcohol (white methylated spirit) is also effective. 
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The most popular developer for positiyes is a rapid metol-hydroquinone. 
Cloudiness of solution is due almosf/'invariably to the presence of lime 
in the water and can be disregarded. Developer chemicals must not be 
dissolved in the wrong order. Metol should always be dissolved first and 
sodium sulfite added next. 

Methods of influencing develoPlDent . 

The old-fashioned method of developing by inspection, as shown on pages 
74 and 76, had the advantage that the photographer could watch the 
progress as he went along. This development by inspection gave him the 
possibility of influencing the character of the negative by various methods. 
Obviously this procedure is possible only when the gradual darkening of 
the creamy surface of the plate can be watched, which necessitates tray
development (see pictures on page 78). If the film has been over-exposed 
(easily recognizable by the whole image shooting up quickly), action must 
be taken immediately if the addition of potassium bromide (about 20 
drops of a 10 % solution to 100 cc of developer) is to be effective with 
those rapid developers normally used. The result may be even better if 
the over-exposed negative is developed until it is opaque and the density 
later reduced in an after treatment. This method will provide for a 
usable gradation, whereas the negative will be too flat if the development 
is stopped too soon. Of the rapid developers, glycin and pyrocatechol 
react the most strongly to the addition of potassium bromide. 

Developer Formulae 

Metol-Hydroquinone Developer 

A vigorous developer for plates, films, bromide and chlorobromide papers, 
but not for miniature films. 

1000 cc (32 oz.) water (boiled) 
8 grams (120 grains) hydroquinone 
6 grams (90 grains) metol 

120 grams (4 oz.) cryst. sodium sulfite 
80 grams (2 oz. 290 grains) potassium carbonate 
or 160 grams (5 oz. 150 grains) sodium carbonate cryst . 

3 grams (45 grains) potassium bromide 

Dissolve separately, then mix in the order given. Remove any precIpItate 
after 24 hours by pouring off the clear developer. For use~ dilute 1: 3 
to 1 : 6 with water. Development time for negatives about 4 - 5 minutes 
with dilution ratio 1 : 4. When ma4~ up with sodium ca,];bonate this devel
oper gives less image contrast. 

Ilford have issued a developer (ID-62) which contains no metol. It is re
placed by the new developing agent Phenidone. ID-62 is a general purpose 
developer. 

86 Correct developtnent is possible only at a tetnperature of 6S 0 - 67 0 }' (18 0 - 200 C). 
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Metol-Hydroquinone Developer 

Energetic and high contrast developer, especially for enlargements 

1000 cc (32 oz.) water (boiled) 
16 grams (240 grains) hydro quinone 

4 grams (60 grains) metol 
250 grams (8 oz. 150 grains) cryst. sodium sulfite 

60 grams (2 oz.) potassium carbonate 
10 grams (150 grains) potassium bromide 

Solution for use: 1 part stock solution to 1 part water. Make up the stock 
solution as above. 

AlDidol-Developer (without alkali) 

An inexpensive paper-developer giving blue-black tones and acting with
out alkali. Especially advisable where protection from metol poisoning 
is essential. Owing to the readiness with which it oxidizes, it is best 
prepared immediately before use in the following way: 

200 cc (6 oz.) water 
12 grams (180 grains) cryst. sodium sulfite 

1 gram (15 grains) amidol 
20 drops 10 % potassium bromide solution 

Dissolve the chemicals in this order and use without further dilution. 
This developer does not keep and as the solution does not change color 
it is difficult to determine when it is exhausted. It should be discarded 
after use. 

Glycin-Develope:r 

Negative developer for tank and tray developing. 

250 grams (8 oz. ISO grains) cryst. sodium sulfite are dissolved in 1000 cc 
(32 oz.) of boiled, lukewarm water. While stirring, 50 grams (750 grains) 
of glycin are added and stirring continued until it has completely dissolved. 

250 grams (8 oz . . 150 grains) of pot. carbonate are added gradually and 
completely dissolved while stirring. 

Dilution for tray development: I part developer to 4 parts water. Deve
loping time 5 to 8 minutes. 

Dilution for tank development: I part developer to 15 parts water. Deve
loping time 20 to 30 minutes. 

Glycin is a very clean working developer, compensating well for over
exposure and reacting positively to an addition of potassium bromide 
(10 % solution). 

Glycin is only highly solubl'e in alkalies, therefore it will not completely 
dissolve until the carbonate solution is added. 

For films the 
developing 
tinles should 
be shortened 
by 1/4 to 1/ 2 
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The pyrocate chol developer ha s an abnormal compensating powe r: a photograph of an 
incandescent bulb was taken with a plate without anti-halation backing. Afte r exposure 
it was cut with a diamond, the section on the right being developed with m e tol-hydro
quinone, that on the l e ft with the pyrocatechol compensating d eve lop e r. The comp en sation 
i s sum that the incandescent filaments are reproduced even more di stinctly th a n th ey 
appear to the e y e and the text behind th e filam ent s i s also l e gibl e . American a stro n ome r s 
have r eported excellent re sult s by u sing this d eveloper for photographs of the sun's corona . 

Pyrocateehol COJDpensating Deyeloper 
(Windisch's formula) 
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Used as a tray developer it compensates for extreme contrast. When u sed 
as a tank developer it has pronounced compensating effect for errors 
of exposure. Extended exposure time is not required. Although it is not 
a "true" fine-grain developer it p-r-oduces ~ fairly fine' grain. It gives a 
maximum of shadow detail in negatives exposed with artificial light. 
Regular agitation is necessary in a tank as well as in a tray. 

The solution for use is composed of the two following stock solutions : -
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Solution A: 

100 cc (3 oz.) water (boiled) plus 8 grams (120 grains) pyrocatechol plus 
2.5 grams (37 grains) sodium sulfite cryst. *). (This solution can be kept 
if stored in a brown bottle filled to the top.) 

Solution B: 

10 % caustic soda solution. (This solution also can be kept for about two 
months in a bottle filled to the top.) 

Dilution for use: For tank-development take 500 cc (16 oz.) of water plus 
12 cc (0.38 oz.) of solution A plus 7 cc (0.2 oz.) of solution B. 

Development time: 12 - 16 minutes. (Group II, page 110) 

Since the most delicate shadow parts of the negative appear rapidly, it is 
advisable to decrease the developing time if negatives of lower contrast 
are desired. Owing to the small amount of sodium sulfite used, the 
developer has a tanning effect, producing negatives of a brownish color. 
Used developer must be discarded. 

If larger negatives showing extremely high contrast are developed in a 
tray, processing may be stopped after 8 - 10 minutes. Alternatively, 
negatives of high contrast can be obtained by developing up to 30 minutes. 

As a general purpose tray developer it is highly economical and produces 
negatives of a well balanced gradation with maximum detail in the 
shadows and suppresse excessively bright highlights. 

A suitable solution is 100 cc (3 oz.) of water + 4 cc (0.1 oz.) A + 3 cc 
(0.09 oz.) B. The average developing time is 10 - 12 minutes, which will be 
sufficient to produce well balanced negatives. Negatives developed with 
Pyrocatechol cannot be reduced or intensified as it tans the emulsion. The 
pyrocatechol developer has little tendency to form a sludge and has also a 
very low fog level even with forced development. 

Metol Sulfite Developer 

Tank developer with compensating action, without alkali. 

1000 cc (32 oz.) of water (boiled) 
2.5 grams (37 grains) metol 
50 grams (1 oz. 300 grains) sodium sulfite cryst. 

Dissolve the metol in lukewarm water and add the sulfite which should 
be dissolved in lukewarm water beforehand. Developing time: for films 
13 -18 minutes, plates 18 - 25 minutes. The developer acts more vigor
ously at a higher concentration (as prescribed above, but with only 300 cc 
[9 oz.] of water) and forms a very good, inexpensive tray developer, but 
in this case it has no compensating effect. 

*) It is this small amount of sulfite which produces the pecific effect of thi s d evelop er. 

F or films the 
developing 
times should 
be shortened 
by 1/ 4 to 112 

See also 
developer 
for miniature 
negatives 
page 115 
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The :fine-grain for:mula W 22 :(Windisch) . 
.. f 

(Acidified metol-sulfite developer which can be made up by your photo
graphic dealer). 

If the o-phenylene diamine in the formula W 665 (page 92) is omitted, a 
developer will be obtained which approaches a true ultra-fine grain devel
oper (with a distinctive solution of silver bromide during development). 
This meets all the demands of fine grain development, especially for use 
with fine-grain films up to 40 A.S.A. Another advantage is that the in
crease-of-exposure factor is very small indeed and amounts to about half 
a stop only. When given a generous exposure, any film may be developed 
with this developer. It keeps well and can be used more than ten times. 

700 cc (21 oz.) water (boiled) 
65 grams (20z. 75 grains) sodium sulfite anhydrous (of the purest quality, 

not the normal commercial product) 
8 grams (120 grains) metol 
7 grams (105 grains) potassium metabisulfite cryst. (must smell of 

sulphur) 

Each chemical must be dissolved individually in lukewarm water. When 
they are all in solution, make up a stock solution of about 700 cc In a 
well-stoppered bottle filled to the top. 

The exhaustion factors are the same as for W 665 (see page 93). 

When this developer has been used ten times, the increases in developing 
times become rather annoying, and the employment of a fresh solution is 
therefore advisable. The developing time should be short. Before fixing, a 
2 % acetic acid bath should be used for a few seconds only. The developing 
time for films of group II (page 110) is 9 minutes. 

The I(odak developer D 25 is also a derivative of W 665 (the orthophenylene 
diamine being omitted). The abnormally fine grain of W 665 cannot be 
obtained with it. 

The Sease :for:mula III 

500 cc (16 oz.) water 
45 grams (1 oz. 225 grains) anhydrous sodium sulfite (of the purest 

quality) 
5 grams (75 ,grains) para-phenylene diamine 
4 grams (60 grains) glycin 

The developer gives the finest grain obtainable. The factor for extended 
exposure is roughly 3. 

The three chemicals are dissolvoo. separately and th-en mixed. It ",-ill not 
be necessary to use warm water. The glycin only dissolves after mixing. 
Small residues should be filtered through a damp linen cloth. Development 
time for group II, page 110, is 7 - 8minutes at 65 0 F (18 0 C). The table on 
page 110 gives development times for films of different gradation and 

90 The reference to "vigorously" a.d "soft" working emul

sions is meant for the film groups II and ilIon page 110 
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d eveloping factors. The factor for additional exposure can be 2 when more 
vigorous development is given, and this, incidentally, causes no increase in 
grain. However, longer development is only advisable with group 111-
films, as group II might give too brilliant a negative (according to grad
ation of the film and the contrasts in the subject). 

Pure chemicals and in particular pure sulfite are essential. If the washed 
negatives are found to have a slight coating, see hint 40 page 120. 

The p-phenylene diamine must be weighed very carefully away from 
draughts, as the crystals stain materials permanently, are poisonous and 
often produce severe skin irritation. 

A special developer :for low-speed lilm.s 
(A Willi Beutler formula) 

There is much talk about a n ew German developer for low-speed films of 
which it is said that it will revolutionize miniature photography (see 
page 116.) - If fine grain and maximum definition are required, a slow 
film should be used and a developer which produces very soft, well-graded 
negatives without loss of speed. With the following developer Willi Beutler 
claims to have obtained up to 141 lines per millimeter. There are two 
stock solutions, which in well-stoppered bottles will keep for a long time: 

Solution A: 

10 grams (150 grains) metol 
50 grams (1 oz. 300 grains) sodium sulfite anhydr. (of the purest quality) 

1,000 cc (32 oz.) water (boiled ) 

Solution B: 

50 grams (1 oz. 300 grains) sodium carbonate anhydr. 
1,000 cc (32 oz.) water (boiled) 

To use add 50 cc (1.5 oz.) of A and 50 cc of B to 500 cc of water. Develop 
low-speed films at 65 0 F (18 0 C) for 7 to 10 minutes according to gradation. 
Medium-speed films require a lesser quantity of solution B. Higher tem
peratures are not recommended. Low-speed films are those of 8 to 16 A.S.A. 
(Ansco Isopan FF; lIford Pan F; Perutz Pergrano; Adox KB 17). A commer
cial developer of similar kind is the Tetenal Neofin red and blue-developer 
(Beutler formula) which is sold in highly concentrated liquid form in small 
glass tubes and is called a " once only" developer. 

Microphen 
is a new fine-grain developer designed for maXImum usable film speed; 
it is built around lIford's developing agent Phenidone (l-phenyl-3-pyra
zolidone ) which activates hydro quinone by acting as a catalyst. Having a 
gr eat degree of exposure and development latitude, Microphen allows for 
more overdevelopment with less blocking-up in the denser highlight por-

Correct de,,'eloping is possible only at a temperature of 65 0 to 68 0 F. 91 
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tions of the negative; it also makes: it possible to achieve a higher degree 
of contrast. Microphen is non-stainirilg, non-poisonous and long lasting. 

The Hne-grain :forlDula W 665 
The following formula is that of a non-staining phenylene diamine deve
loper. The poisonous paraphenylene diamine has been replaced by 0-

phenylene diamine which has previously been used without alkalies. The 
formula given below has the following outstanding features: 

1) The grain is the finest obtainable. 

2) The developer W 665 can be effectively used to an extent hitherto 
unknown with true fine-grain developers. With a sufficient amount of 
developer and without any change in the fineness of grain up to 15 full 
miniature films (36 negatives) or 15 No. 120 roll films can be developed. 

3) Extremes in the highlights are considerably toned down and the range 
of tones from highlight to shadow is well recorded. 

4) The silver deposit has a brownish color (whitish when seen from 
above) and yields excellent enlargements even from delicate negatives. 

This is the actual formula of the W 665 ortho-phenylene diamine fine
grain developer by Windisch: 
1,000 cc (32 oz.) water (boiled) 

90 grams (3 oz.) sodium sulfite anhydr. (of the purest quality) whidl 
must not be dissolved in hot water 

12 grams (180 grains) o-phenylene diamine, Merck *) 
12 grams (180 grains) metol 
10 grams (150 grains) potassium metabisulfite (should smell pungently 

and must be weighed accurately). 

All these chemicals must be dissolved separately while stirring gently. The 
wat'er may be lukewarm. Metol and o-phenylene diamine will dissolve 
completely only when the solutions have been mixed. To the solutions of 
the developing substances, first the sulfite solution and then the bi
sulfite solution should be added. The mixture must be stirred until the 
solution is clea~. If necessary it must be filtered. 
The pH-value of W 665 is 7.2 to 7.3. 

The exposure tilDe 
This is a true fine-grain developer and therefore extremely fine grain has 
to be paid for in some way or other. This means that the normal exposure 
time must be doubled. Modern single layer films have inherently a very 
fine grain and, therefore, there is hardly any reason why photographers 
should worry about fine grain when it is not absolutely necessary. If a 
slow film is used, the full sensitivity of thi,s film can b~ exploited by using 
a suitable developer (see page 53-1No. 12J) and the re'latively steep grada
tion or contrast of these films c~n be overcome by using a developer which 
produces the softest negatives. A true fine-grain developer should, there-

:i<) When chemically pure it s color is white, reddi sh-grey di sco loration do es not matter. 
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fore, b e u sed only when large scale enlargements are to be made from 
miniature films . 

The developing tim.e 

for film s of group II (pa ge 110) is 8 to 9 minutes **) at 65 0 to 67 0 F (18 0 -

19 0 C) . The developing pro cess is semi-physical in that the silver is dis
solve d and r educed to m etallic silver, which is partially deposited on the 
surface of the emulsion during d evelopment. If this layer, which is usually 
invisible to the naked ey e, is r emoved after fixing by rinsing the film in 
a 2 - 3 % bath of glacial ace ti c acid or hydrochloric acid, an extremely 
fin e grain will r emain and at th e same time any chalky residue will be 
removed. 

I f n egatives of a high er contrast are required, development can be pro
longed by an additional fifth or quarter of the normal developing time 
(esp ecially when ex posures taken with soft focus lenses are to be 
deve lop ed ).** *) 

The :factor of exhaustion and the cost 

The W 665 is the most inexp en sive of the true fine-grain developers , since 
it can b e u se d at l e ast 15 times without the fineness of grain and the 
d egr ee of contrast d et eriorating. The exhaustion factors for the 2nd to 
th e 15th film are marke d in th e margin, which means that the original 
d eveloping time has to b e multiplied by the figures in the margin with 
eve r y new filnldeveloped. Since o-phenylene diamine is very expensive 
wh en bought in small amounts, the chemicals should be obtained from 
OUo P erutz G.m.b.H. Munich (or their agents, in the United States: Studio
phot Corporation, Cleveland, Ohio). Perutz manufacture this developer 
under the name of " W 665 Developer". This saves weighing and ensures 
absolutely pure chemicals , which are essential for this formula. Each 
packa ge contains sufficient chemicals to make 1,000 cc (32 oz.) of devel
ope r. The d eveloper must be kept in an air-tight, brown bottle filled right 
to the brim, or, if necessary, in several small bottles. If a developing tank 
ha s a capa city of 500 cc or 300 cc (16 oz. or 10 oz.) it is advisable to make up 
100 cc (3 oz. ) more and to fill the tank from this total am'ount. It does not 
matter if the used developer is somewhat cloudy, for if correctly prepared 
the solution should have (and retain) the delicate color of white wine (a 
slight reddish coloring does not matter). If the potassium metabisulfite, 
which enhances the particular action of W 665, is omitted, a somewhat 

*) If t wo film s ar e d eve lop e d simultane ously on e factor i s skipp e d. For 120 roll film s 
th e fa c tors are th e sam e a s for miniature film s . 

**) Alre ady short en e d in v i e w of th e gre at e r d eveloping spee d of mode rn film s . 

***) F o r ce d d eve lopm ent , howeve r , r esult s in a di scolore d laye r of colloidal silve r. 
A similar phenom enon some times occurs when the emul sion of mod e rn film s do es not 
ha ve a suffici ent swe lling powe r. R e m e d y : Cl e aring bath (see page 242 cente r ) . In 
mo d e rn emul sion s, th e ge latine i s a littl e harde r than it wa s form e rly . 

1 

1.06* ) 

1.13 

1.19 

1.27 

1.35 

1.43 

1.51 

1.6 

1.69 

1.79 

1.89 

2.0 

2.12 

2.25 

93 



Processing Technique II 

shorter (about 4/ 5) developing tim~ .is required. This developer will work 
". 

like a metol-hydroquinone rapid-developer as far as the details in the 
shadows are concerned., but without clogging the highlights. The grain of 
the developed image is proportionately less fine and is between that of a 
nletol-hydroquinone developer and W 665. This solution is especially suit
able for instantaneous exposures taken with artificial light (e.g. stage and 
circus pictures). 

If o-phenylene-diamine is omitted the developer "w 22"., page 90, is 
obtained. However, it is not true to say that this decisive chemical can 
simply be omitted. The "w 22" is an acidified metol-sulfite developer 
but it does not work in the same way as "w 665". This means it is not a 
semi-physical developer which depends largely on its silver halide solvent. 
"w 22" does not produce the slightly brownish image tone which gives 
greater printing contrast than is apparent to the eye. 

Finally., both the "w 665" and the "w 22" must be made up in a slightly 
greater quantity than is required for the developing tank used., otherwise 
the exhaustions factors are no longer correct. 

Other cOlDlDercial fine-grain developers 

The formulae for the modern commercial fine-grain developers., producing 
excellent gradation with a minimum loss of emulsion speed., are quite 
satisfactory for the development of modern films. Phenylene diamine 
developers yield an extremely fine grain which permits enlargements to 
virtually any size. However., the commercial fine-grain developers such as 
I(odak D 25., IIford Microphene, Meritol, Promicrol, Perufin, Atomal, Ergol, 
Ansco-Fin-X, Edwal's Minicol., etc., in conjunction with the latest films , 
meet all the demands so that it is no longer necessary to sacrifice speed by 
longer exposure times. 

Just before the war Kodak introduced an excellent fine-grain developer 
which quickly became very popular Kodak-DK. 20. Since that time, con
siderable advances in emulsion-making have taken place and new and 
i:r;nproved films have appeared on the market. DI( 20, in common with other 
developers of the same type, has a tendency to cause dichroic fog with these 
emulsions and it is entirely suitable for use with them. Such a developer is 
I(odak Microdol. With modern single layer films the grain is inherently 
very fine. The ultra-fine grain developer which used to be a necessity with 
former films need not be completely discarded., but should be used only in 
exceptional cases. It is of interest to note that forced development with 
developers containing phenylene-·diamine · may result' 'in a heavy layer of 
colloidal silver which being removed physically from the emulsion., causes 
a lack of sharpness. This fact, observed by R. W. Henn and J. I. Crabtree., 
has led to the Kodak D 25 formula. In my opinion., however, it is the result 
of the employment of too hard a gelatine for some of the modern emulsions. 
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Tropical De-velopers 

Even in our moderate climate there are hot summer days when the tem
perature of our photographic baths rises rapidly to 86 0 F and more. Hap
pily, we have ice at our disposal, but if there is none available and a very 
fine grain is not necessary (with larger negative sizes up to 21/4 X 21/4 in. ), 
it is advisable to use the Amidol developer (page 87) and to fix in a 
hardening fixing bath. 

There are inert chemicals which, if added to the developer prevent ex
cessive swelling of gelatin and permit development with fine grain devel
opers up to 90 0 F. (Edwal's Thermo Salt for instance). 

For paper developers for blue-black or brown tones, see page 160. -
For developer stains see page 244. -

Fixing Baths 

The methods and the chemical processes involved in fixing have already 
been discussed on page 76. Two points should, however, be repeated here: 
1) The commercial acid fixing salt must be added slowly to the water, not 
the water to the salt. 2) Each negative must remain in the fixing bath for 
twice as long as the time taken for dissolving the milky, unexposed silver 
bromide. See page 80 for the fixing time of prints. 

A freshly made fixing bath is usually too cold; to be ready for use it 
should have the normal temperature of 65 0 F (18 0 C). 

Exhaustion Rate 
An exhausted fixing bath will not fix properly so that prints and enlarge
ments will soon deteriorate. To obtain permanent negatives and prints, one 
should use a fresh fixing bath. In a 1,000 cc (32 oz.) acid fixing bath 50 
3114 x 4 314 in. plates, 15 No. 120 roll films or 15 full length miniature films 
can be fixed. The same amount of fixing bath will be sufficient for 200 to 
250 3 1/ 4 X 4 3/ 4 in. prints. 

In order to ascertain whether the bath is approaching exhaustion or not, 
several methods can be used: 

The potassiulD iodide test 
A small amount of the fixing bath to be tested may be poured into a test
tube and a few drops of 10 010 solution of potassium iodide added. If the 
liquid remains clear it is still fit for use, if, after shaking, the cloudiness 
disappears it is not far from exhaustion. If the cloudiness remains and 
forms a permanent precipitate, the fixing bath is exhausted and should be 
discarded. 

The test for acidity 
The fixing bath must be acid in order to neutralize at once any trace of 
alkali fronl the developer, and also to prevent stains from the anti-halation 
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backing of roll films. To test the acidity, blue litmus paper is used. If a 
strip of this paper does not change to red at once, the bath has lost its 
acidity and must be discarded. If panchromatic roll films with an anti
halation backing show irregular blue spots after fixing, remove the spots 
by using the formula given on page 120. 

Acid fixing bath 

Stock solution A: 
Dissolve 500 grams (16 oz.) hypo in about 600 cc (18 oz.) of hot water; 
cool and make up to 1,000 cc (32 oz.). 

Working solution B: 
Take 400 cc (12 oz.) stock solution, make up to 1,000 cc (32 oz.) with tap
water (filtered) and then add 25 grams (375 grains) of potassium meta
bisulfite. Metabisulfite must not be added to hot hypo solution. 

Hardening fixing bath 

Hardening fixing baths reduce the risk of injury to the emulsion and are 
of special advantage in hot weather. Any acid fixing bath to which 1 gram 
(15 grains) of finely powdered chrome alum to each 100 cc (3.2 oz.) of 
fixing bath is added will also act as a hardening bath when the chrome 
alum is completely dissolved. 

Co:rn:rnercialfixing baths 

Amateur photographers should make it a practice to use the ready made, 
commercial fixing baths such as Ansco Acid Fixing Salt, Kodak Acid Fixing 
Salt with hardener, Johnson Acid Fixing Salt etc. These salts when dis
solved in water make excellent fixers, which not only keep clear and are 
stainless, but also do not precipitate sulphur. 

Special attention should be paid to the modern 

Rapid fixing baths 
with ammonium thiocyanate, which will reduce the fixing time of films to 
3 to 4 minutes. These solutions are also suitable when the fixing has to be 
carried out at a very low or a very high temperature. Rapid fixing salts 
are supplied by I(odak, Perutz, Hauff, May & Baker (Amfix), J ohnsons 
of Hendon (Solfix), Mallinckrodt, Edwal, Ansco, etc. 

Sodiu:rn carbonate bath 
In order to reduce the washing time after fixing and to remove the last 
traces of hypo, films and prints can be placed in the following solution: 
1,000 cc (32 oz.) water 

10 grams (150 grains) sodium carbonate anhydr. 
Time immediately after fixing: 2-10 3 min~tes; then w'ash as usual. 

Checking the washing water 
The following solution should be made up and then stored away from 
light. Add 10 cc (0.3 oz.) solution of 1 % potassium permanganate and 
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1 gram of caustic soda to 1,000 cc (32 oz.) of water. The negatives or prints, 
when thoroughly washed, should be placed in a tray containing just suf
fici ent water to cover them. After 15 minutes a sample of this water is put 
into a test-tube and a small amount of the solution added. According to 
the amount of hypo still present in the washing water, the sample will 
become dark green to bluish green. If the bluish green discoloration occurs 
after about only 1 minute, the hypo is removed sufficiently. Otherwise the 
wa shing must be continued. 

The After Treatment of the Negative 

Intensification (see also page 243) 

Intensification should only be resort Jd to as a last attempt to save a 
n egative. One method is to use an ultra-hard paper. The alternative is 
copying or enlarging on a hard process plate. From this positive a new 
negative is made and the image may be further strengthened by copying 
again on to a process plate. With this method at least the negative is not 
endangered by chemical treatment. Chemical intensification is possible 
only when there is at least trace of an image. For good results all negatives 
must have been properly fixed and thoroughly washed. Most methods of 
intensification will result in an increase of grain. Veiled negatives cannot 
be intensified as the fog merely becomes more dense, unless it is first 
removed by Farmer's reducer. 

Chrom.iulD intensifier 

This is a simple and satisfactory method of intensification. The dry nega
tive, which has previously been carefully fixed and washed, is bleached 
under subdued light in 500 cc (16 oz. ) of water plus 5 grams (75 grains) 
of potassium bichromate plus 1 cc (0.03 oz.) hydrochloric acid (pure ) . When 
the negative is completely bleached, it must be washed until the yellow 
stain is removed. If the stain is difficult to remove, add a few drops of a 
concentrated solution of sodium sulfite to the washing water. The negative 
is then re-developed in daylight with any normal non-staining developer. 
Chromium intensifier is made commercially by I(odak, Johnson, Ansco, 
Ilford, Du Pont and others. 

Ansco Mercury Intensifier requires no bleaching or redevelopment. 

Reducing 

Hop elessly over-exposed and over-developed negatives are usually flat and 
lacking in contrast. Contrast may be increased by reduction, but this has 
to b e done with the greatest care since Farmer' s reducer - which hould 
be u sed - attacks the delicate shadow details first. Very dense negatives 
can be printed without reduction when bromide paper is used and the 
ne gative is printed in daylight. 

Int('usification always Bleans a coarsening of the grain 97 
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FarlD.er"s Reducer 

is a subtractive or cutting reducer wfti~h is not only valuable for reducin g~ 
but is particularly useful as a means of clearing slight fog. 

Solution A: 100 cc (3.2 oz.) water; 
50 grams (1 oz. 300 grains) hypo. 

Solution B: 100 cc (3 .2 oz.) water; 
10 grams (ISO grains) potassium ferricyanide. 

Solution B must be stored in a dark bottle. 

Solution for use: 3 parts A plus 1 part to 3 parts B plus 17 parts of water. 
The reduction should be carried out in daylight and is more intense when 
a greater amount of B is added. Care is necessary as the image is destroyed 
altogether if the reduction is too strong. Make a preliminary test with 
an old negative: 

AlD.lD.oniulD. persulfate reducer 
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Diminishes contrast in hard negatives by attacking the dense portions of 
the negative first (a super-proportional reducer.) It is best bought ready 
made-up (Johnson, Agfa, Hauff, Merck, Mallinckrodt). Working directions 
are on the container. However, hard negatives can also be enlarged or 
copied without chemical reduction by adopting the method on page 154. 

See ABC, page 254/255, for mechanical means of reduction. 

The retouching of negatives is dealt with in "Hints for Miniatures'\ page 120. 

See page 119 for dealing with dichroic fog. 

Emulsions treated with hardeners are difficult to intensify or to reduce. 

It is advi'iable to de-harden such emulsions according to page 24,5 



Particulars of Chemicals used in Photography 

The principal chemicals used in photography are: 1) Neutral salts such as 
potassium bromide, potassium iodide etc. 2) Acids such as acetic acid, 
hydrochloric acid etc. 3) Caustic alkalies such as potassium hydroxide 
(caustic potash), sodium hydroxide (caustic soda). 4) Alkaline salts such as 
sodium carbonate, potash, borax, tri-sodium phosphate. 5) Acid salts such 
as potassium metabisulfite, sodium metabisulfite. 6) Developing agents such 
as Metol (Kodak Elon) , hydroquinone, glycin (not to be confused with 
amino-acid glycine which is photographically inert) , pyrocatechol, pheny
lene diamine etc. 

Acids and solution of acid salts turn blue litmus paper red. The solutions 
of caustic and alkaline salts turn red litmus blue. 

" Sicc." = siccum or " anhydr." = anhydrous are the Latin expressions for 
dessicated or dehydrated; "cryst." or sometimes only "xst" means crystal
line hydrous salts. The word "depuratum" means purified, "purum" or 
" pur." means pure, whilst "purissimum" is the expression used for chemi
cally pure. 

The endings " ate" and "-ite" denote salts of acids contaInIng oxygen, the 
first standing for the higher oxygen content (e. g. sulfate), the latter for 
the lower (e.g. sulfite). The ending "-ide'" characterizes the salts of an 
acid free from oxygen, e.g. chloride, the salt of the hydrochlorid acid. 

IlDportant: How to store ehenticals 

First and foremost never use paper bags for chemicals since the damp 
atmosphere of darkroom and bathroom will cause deterioration. Also all 
chemicals are dangerous, not to your health., for there are few poisonous 
ones; but certainly to your photographic materials. Chemicals in crystal 
or powder form are best kept in so-called powder bottles (if possible 
brown) and sealed with well-waxed corks. Chemicals which are usually 
stocked in larger quantities such as sodium sulfite, hypo etc. are best 
kept in mason jars sealed with a rubber ring and clamp lid, or in so-called 
" sweets containers" C'candy"" bottles in U.S.A.)., see page 106 (No.8). 

Liquids should be kept in well stoppered bottles (those sensitive to light 
in brown ones). Glass stoppers should be greased with a spot of vaseline so 
that they will not stick to the bottles. Each chemical must be clearly 
labelled. For developers and fixing baths etc., it is advisable to note the 
date of their preparation. Batches of stock solutions are best stored in 
tightly-corked small bottles. A small air space should be left., however, 
to prevent the bottle from bursting in warm weather. 

Any precautionary measures necessary with particular chemicals are given 
in the following list: 

Equivalence of frequeDtI~ used chemicals see page 8" 99 



(CH3)zC 
(OH) .OS02Na 

Ace tic a c i d (Glacial acetic aci<L ;.\ Chear, colorless liquid of a pungent 
characteristic odor. Corrosive (caustic), produces burns on the skin ! Used 
for stop baths and as addition to fixing baths. Keep in glass bottles having 
closures which are not affected by the acid. 

Ace ton e sod i u m b is u If i t e (Acetone sulfite). Crystals; fatty 
feel; slight 502 odor. Used in some developer formulas as a substitute for 
sodium sulfite or potassium bisulfite. 

A I u m (Potassium aluminum sulfate). Colorless, transparent crystals or 
white cryst. powder; adstringent taste. Not readily soluble. Hardening 
agent in acid fixing baths. 

A I u m c h rom e pot ass i u m. Dark violet-red colored crystals or 
light violet powder. Used in chrome-alum fixing bath. 

Ami dol ( 2,4 - D i ami n 0 - p hen 0 I h y d roc h lor ide). White to 
greyish needle crystals which oxidize easily. Developing agent. Keep In 
brown bottle, well closed. 

A m nt 0 n i u m chI 0 rid e (Sal ammoniac) . Colorless crystals or white, 
cryst. powder; somewhat hygroscopic. Used for rapid fixing baths. I(eep 
tightly closed. 

(NH4)Cr207 A m m 0 n i u m die h rom ate. Orange-red crystals. Used in photogra
phic gum process. Warning! Flammable. 

(NH4)zS04 A m m 0 n i u m per suI fat e. Colorless crystals or white, granular 
powder. Reducing and retarding agent. Keep tightly closed, in a cool place. 

(NH 4)zS03.H20 A m m 0 n i u m suI fit e. Deliquesc. crystals; readily oxidizes in the au. 
Used as reducing agent. Keep tightly closed and in a cool place. 

(NH4)zS203 A m m 0 n i u m t h i 0 suI fat e (Ammonium hyposulfite). Used In pre
paration of fixing baths. 

Ben z 0 t ria Z 0 I e (Aziminobenzene ) . Colorless crystals. Use: Anti
foggant and density depressant in developers. 

Na2B407 B 0 r a x (Sodium borate). Colorless, transparent crystals or white, cryst. 
+ 10 H20 powder. Mild alkali. 

H3B0 3 B 0 ric a c i d (Boracic acid). Colorless, odorless, transparent, crystals, 
or white granules or powder. Used in preparation of developers. 

Car b 0 lie a c i d , see Phenol. 

CCi4 Car bon t e t rae h lor ide. Colorless, clear, nonflammable heavy 
liquid; characteristic odor. Toxic. Cleaner for negatives, slides etc. 

KOH C a u s tic pot ash and c a u s tic sod a. (Potassium hydroxide and 
Na OH sodium hydroxide). White lumps, sticks, pellets or flakes. Very corrosive 

(caustic to tissue, skin). When hreaking up, use rubber gloves or protect 
finger s by use of paper. Exposed to the air, rapidly absorbs carbon dioxide 
and moisture -lnd deliquesce. I(eep tightly closed. Do not use glass stop
pered bottles since these chemicals act on the glass and cause the stopper 
to stick. 

100 



Cit ric a c i d. Colorless, translucent crystals or white cryst. powder. 
Used for removing fog (to brighten colors) and as an alternative to acetic 
acid (see page 120). 

E Ion (Kodak) see p-Methylaminophenol sulfate. 

Fix i n gsa It, see hypo. 

For m a Ide hid e Sol uti 0 n (Formalin, Formol). A solution of HCHO 
about 37 % by weight (known as Formalin 40 0/0) of formaldehyde. Color-
less liquid of pungent odor, the vapor irritating to mucuous membranes 
(nose, throat). On standing, especially in the cold, may become cloudy, 
due to the separation of paraformaldehyde (polymerization). I(eep well 
closed in a moderately warm place. Desinfecting agent. In photography 
for hardening gelatin, plates and papers, toning gelatin-chloride papers, 
chrome printing and developing. 

For m a lin Stt Formaldehyde solution. 

G lye i n (p-hydroxyphenylglycine, p-hydroxyphenylaminoacetic acid). 
White powder. Developing agent. Slow but powerful, giving images of good 
density and fine grain. I(eep well closed. Not to be confused with glycine. 

G r ado 1 (Edwal) see p-aminophenolsulfate. 

H y d roc h lor i c acid (Muriatic acid). A solution of hydrogen chloride Hel 

in water. Clear, colorless liquid. Corrosive, vapor dangerous to respiratory 
tract. Use with care. Used for bleach baths and for cleaning trays. In 
intensifiers. 

H y d r 0 qui non e (p-dihydroxybenzene). White, needle crystals. Devel
oping agent. Slow, tending to build strong contrasts; generally used in 
combination with a more active developing agent such as p-methylamino
phenolsulfate. 

" H y po" see Sodium thiosulfate. 

Lit m u spa per. Suitable paper soaked (and dried) with properly pre
pared and treated litmus solution. Used as tests for acids and alkalies. Blue 
litmus paper turns with C'. {~ido (H'ions) red, the Ic-U one with alkali es 
(OH'ions) turns blue and the neutral litmus paper turns with acids red , 
with alkalies blue. 

Mer ito I (Para-phenylenediamine pyrocatechol). Patented developing 
agent used for fine-grain developers. Product by Johnson and Sons, England. 

Met 0 I see p-Methylaminophenol sulfate. 

M 0 n a Z 0 I (Edwal) see Glycin. 

Or tho - p hen y 1 e ned i ami n e (o-Diaminobenzene). White crystals. 
Developing agent. Formula see page 92. 

Par a - ami n 0 p hen 0 1 (4-amino-1-hydroxybenzene; Rodinal, Ursol P). 
White crystals, becoming brown. Developing agent. Keep tightly closed and 
protected from light. 
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Par a - ami n 0 p hen 0 I suI fat f ,~(Edwal's Gradol). 

Par a - met h y I a n1 i n 0 p hen 0 I suI fat e (Elon Metol, Photol, Pie
tol). White crystals; discolor in air. Developing agent. Keep well closed 
and protected from light. 

(CH20 ) n Par a f 0 ,. m a Ide h y d e (Polymerized formaldehyde). White, cryst. 
powder, having an odor of formaldehyde. Used in preparation of developer. 
K.eep in tight containers and in a cool place. 

Par a - p hen y len e d i ami n e (p-Diaminobenzene; Ursol D). White 
crystals; darkens somewhat on exposure to air. Poisonous; may cause skin 
irritation; stains the skin. Developing agent. I(eep well closed and protect
ed from light. 

P hen i don e (l-phenyl-3-pyrazolidone). New developing agent replacing 
metol. Product by Ilford, England. 

C6HsOH P hen 0 I (Carbolic, phenylic acid). Colorless crystals or white crystaline 
masses of characteristic odor. Poisonous and caustic. Becomes reddish on 
exposure to air and light. It is liquefied by mixing with about 10 % of 
water. This liquefied phenol is a colorless liquid which may become red
dish. I(eep in well closed containers and protected from light. Do not 
handle with bare hands. Used as general antiseptic and disinfectant. 

P hot 0 I (Merck) see p-Methylaminophenol sulfate. 

Pic t 0 I (Mallinckrodt) see p-Methylamminophenolsulfate. 

Pin a k r y p t 0 I yellow and pin a k r y p t 0 I green, dyes, which due to 
absorption by silverbromide or silverchloride reduce the sensitiveness of 
photographic plates or films as far as these can be developed afterward in 
a light-colored yellow light (so called desensitizers). 

K Br Pot ass i u m b rom ide. Colorless crystals or white granules or powder. 
Restrainer in developers. Somewhat hygroscopic. I(eep in well closed con
tainers. 

K2C0 3 Pot ass i u mea r bon ate, anhydrous. White granules or granular 
powder, hygroscopic. Alkali for developers. Only the pure product can be 
used for photographic purposes. I(eep tightly closed. 

K2Cr207 Pot ass i u m die h rom ate (Potassium bichromate). Orange-red crys
tals, granules, or powder. Corrosive poison. Used for intensifiers, reversal 
baths, cleaning trays. 

K3Fe (CN)6 Pot ass i u m fer ric y ani d e (Red prussiate of potash). Ruby-red 
crystals. Used for reducers. and in bleach baths. Keep in well stoppered 
containers and protect from light. 

- ~ 

KJ Pot ass i u m i 0 did e. Colorless or white crystals, granules or powder. 
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On long exposure to air becomes yellow (also the solution) due to libera
tion of iodine. Used for checking fixing bath (see page 95). Keep in glass 
bottles. 



Pot ass i u m met a b i suI fit e. White crystals or cryst. powder. Crys
tals often incrusted; pungent smell. Used as preservative and buffer in K2S20S 
developers, as cleaning bath and for acidifying fixing baths. Keep dry and 
well closed. 

Pot ass i u m per man g a n q.t e. Dark-Purple (violet) glistering crys- KMn 0 4 
tals. Used to remove developer stains, as reducer, hypo eliminator, reversal 
baths, hypo test, removal of dichroic fog. 

Pro m i c r 0 I. Fine grain developer by May & Baker, Ltd. Dagenham, 
England. 

P y roc ate c hoI (1,2 dihydroxybenzene; also known as pyrocatechin, C6H4 (OHh 

catechol or Brenzkatechin.) Colorless crystals; discolors In air and light 
to gray (oxidation). Developing agent. 

P y r 0 g a II 0 I (1, 2, 3 trihydroxybenzene, Pyrogallic acid). White lustrous C6H3 (OHb 

crystals; becomes grayish on exposure to air and light. Poisonous. Deve-
loping agent. I(eep tightly closed and protected from light. 

Rod ina I see p-aminophenol. 

S iIi c age I see Silicic acid. 

S iIi c i c a c i d (Precipitated silica). White, amorphous powder. 

S iIi c age I is a precipitated silicic acid in the form of lustrous gra
nules specially prepared and adapted for absorption of various vapors. 

Sod i u m b i suI fit e. White, cryst. powder; pungent smell. Used to 
remove fog, rarely used as developer ingredient. May replace potassium 
metabisulfite. (This bisulfite of commerce usually consists chiefly or almost 
entirely of sodium metabisulfite.) Keep well closed and in a cool place. 

Sod i u m car bon ate, decahydrate (Soda). Colorless, transparent crys
tals; effloresces on exposure to air. Used as alkali in developers. I(eep well 
closed and in a cool place. 

Sod i u m car bon ate, a n h y d r 0 u s (dessica ted) . White hygroscopic 
powder. Used as alkali in developers. I(eep in tightly closed containers. 
For the anhydrous and crystal conversions, see page 84. 

Sod i u m Hex a met a p h 0 s p hat e Detergents (Calgon, Giltex, Qua
drafos, Haganphosphate etc.) Mixtures containing sodium hexametaphos
phate (Na3P06) as the principal agent. Powder, flakes and small, broken, 
glass like particles (pH adjusted to 8 - 8.6). Because of their ability to 
keep calcium, magnesium, and iron salts in soln, hexametaphosphates are 
excellent water softeners and detergents. 

Sod i u mph 0 s p hat e, T rib a sic. (Trisodium orthophosphate). 
Colorless or white crystals, or powder. Alkali for developer. 

Sod i u "! suI fit e. Colorless, efflorescent crystals; the crystals should be 
rinsed before use. Unstable, slowly oxidized (solid as well as in the soiu-
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tion) in the air to sulfate. Keep w~Ll closed and in a cool place. Note: 
Industrially it has been very largely replaced by the anhydrous salt. 

Na2S03 Sod i u m s u 1 fit e , a n h y d r 0 u s. White, small crystals or powder. It 
is fairly stable and does not oxidize to sulfate as readily as the hydrated 
sulfite. The anhydrous salt must be poured into the water, not vice versa. 
Sodium sulfite is used as preservative in developers: due to the absorption 
of oxygen from air it is slowly oxidized to sulfate and therefore it can 
protect the developer from the undesirable aerial oxidation. Note: Not to be 
confused with sodium sulfate. Solution of sodium sulfite turns red litmus 
paper blue (alkaline r.), sodium sulfate does not. 

Na2S203 Sod i u m t h i 0 s u 1 fat e (Sodium hyposulfite, "Hypo"). Colorless crys
+5 H20 tals or white granules; effloresces in dry air. Solvent of silver bromide and 

chloride; for fixing negatives and positives. Forms a stable acid bath with 
potassium or sodium metabisulfite. Is also obtainable in an anhydrous 
powder. 

T ere ben e a mixture of terpene hydrocarbons. Colorless liquid, of 
thyme-like odor. Keep well closed and protected from light. 

T h i 0 car bam ide see Thiourea 

H2N.CS. NH2 T h i 0 u rea (Thiocarbamide). White, lustrous crystals. Used in clearing 
solutions, as fixing agent and to remove stains from negatives (Hauff 
Clearing Cartridges). Also used in special toning and other processes in 
making transparencies. Removes dichroic fog. 

Relationship 
between grain 

and ntagnifi
cation scale 

104 

U r sol D see p-phenylenediamine. 

U r sol P see p-aminophenol. 

Forty-two Hints on Fine-Grain DeveloplDent 

A. About the Grain and the Gradation 
I. In miniature photography a special developing technique and the use 
of fine-grain developers have become necessities, because the tiny nega
tives obtained have to be enlarged to a considerable degree. Although 
fine-grain development is still necessary, there is no need that it should 
become a mania with miniaturists. There is an optimum standard of granu
larity in every film and it is simply useless to exceed it. Some degree of 
granularity is inherent in every emulsion, but apart from this, it is not so 
much the granularity of the film which is of interest, but the print graini
ness. An enlargement should appear to be without grain if the distance 
from which the picture is viewed is correct. It is obvious that a small pic 
ture will be examined from a closep-range tlian an enlargement. The correct 
distance, therefore, depends upon the degree of enlargement. Enlarge
ments should be viewed from a distance equal to "the focal length of the 
taking lens multiplied by the de,gree of enlargement". In this position no 
graIn should be visible (see page 53). 
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2. Enlargements can now be obtained 6 to 8 times the size of the original 
negative without showing graininess - an achievement scarcely possible in 
former days. Since then, our films have changed, and although there is still a 
certain degree of granularity in modern emulsions it is nevertheless a fact 
that modern films - even the ones with the maximum rated speed - have a 
considerably reduced granularity. Large scale enlargements can be obtained 
nowadays from modern films which are developed with modern, commercial 
developers. The golden age of private research and of the fine-grain sport End of a 
has gone. This statement is, of course, to be taken with a grain of salt, go lden age 
for there are still such things as ultra-miniature negatives (Mi~ox) which 
demand an extremely careful fine-grain development (as is shown on 
page 69). These, however, account for only 1 per cent of all cases, and 
with them the only remedy is the phenylene-diamine developer (see page 
92) and an increase in exposure time. The owners of 21/4 x 21/4 in. cameras 
need no longer worry about fine-grain development and should stick to 
their usual method with modern developers. 

3. Diagrams of various grain structures. 

'... ! .... ' .. . _" . ' . .. . .. .. .. ' .. 0 ... .. .. ;,. • 

• - .. .... .. ' .. : ' 0 ' .. ,," . ; " 0 . .. .. .. 

: ~; : .. . : ... .. • :: .. ~.:~ . .. : .... ~ ': .. . : ': . . 
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I " .. .. I .. . ... . ... ... .. ..... .. ' .. .. . .. ," .. .. " 

'. ',,: . '. ">:-': <":' ... ~.: ~ .. ~,: .:.! ..... 
: ...... ~ : " .. '" '\ ' . " " " .. : : .. '" 0. '. I '. ' .. 
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0' . : ' ~ "', • 

B c 

A. Coarse grain resulting from the use of rapid developers (especially N o clumping 
metol-hydroquinone). Its special characteristics are the clumping of the of grain 
silver grains. This gives a mottled appearance to the enlargement, destroys 
the subtle tone values and makes the picture appear unsharp. The higher 
the speed of the film, the coarser will be the grain from the outset. 

B. Reduced granularity obtained with fine-grain developers of the older 
type. 

c. The evenly distributed extremely fine grain obtained with a true fine· 
grain developer. When the developing time is increased, even these deve
lopers cease to be fine-grain developers and operate normally, so that the 
extremely fine grain of C will be converted to that of B, and the latter 
to that of A. Low speed films have an inherently finer grain from the 
outset, but any factor in development which increases contrast, such as 
an increase in developing time, also increases granularity. 
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The mini
mum useful 

gradient 

High-speed 
fiZ,ns 

S,naller 
tanks 

Pay special 
attention to 

page 29 

Practical 
advice 

4. Formerly the DIN-values were o~tained by means of a very energetic 
metol-hydroquinone development. In this way "final development" pro
duced a fairly high degree of contrast even in the shadows. Contrast 
obtained by this forced development is, however, absolutely useless in 
miniature photography as the highlights cannot be printed and still less 
enlarged. For this reason the German DIN-speed rating is nowadays 
restricted to the minimum useful gradient, that is to say, to that part of 
the blackening that can be printed so as to provide a contrast (gamma) 
of about 0.8 (see page 135). This less forcible development, however, reduces 
the density in the shadows; but it is of no use to include this loss in the 
rating, as it cannot be used anyway. The DIN-degrees of today represent 
plottable values and are harmonized to the development of miniature 
negatives up to 21/4 X 31/4 in. (6 x 9 em). But: it is still advisable to expose 
generously. 

5. Very high-speed 'films may be developed a little more energetically. 
As they are soft working (of low contrast) there is hardly any risk of the 
negatives becoming too contrasty, which means that the developing time 
with a fine-grain developer may be increased by about a quarter. Admit
tedly this increases granularity to SOlne extent. 

6. Modern developing tanks of the apron or spiral type need less deve
loper than the older types which usually required 500 cc (16 oz.) of 
developer. The new types are generally smaller and will function with 
300 cc (10 oz.) of solution. This applires to most of the tanks for 35 mm 
as well as for 120 (620) films. 

7. Tank development has been described comprehensively on page 29. 
Buying a tank is not a matter that can be done in a hurry. Inserting the 
film into a spiral is quite easy with a good tank, but can be a nightmare 
(especially in the dark) with a badly designed tank. Tanks with a roto
feed device or a self-loading spiral are very convenient and so are the 
tanks with two-way agitation. Apron tanks are advantageous in so far 
as the apron may be wound up almost automatically. Tank developing 
is a technique of its own and blemishes within the small frame of the nega
tive must be avoided under all circumstances. - Every effort must be made 
to ensure absolute cleanliness and to adopt consistency in the method of 
development. 

8. It is bad policy to neglect small details, which you may think of 
no consequence, such as filling bottles "right to the '~eck". If you work 
with developing solutions, the degree of exhaustion of which has to be 
controlled, you must store them in brown bottles, filled up to the neck. 
There is no getting away from it. But how to do it? Either you fill the 
developer into a number of small bottles or you take a large bottle with 
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screw cap and a rubber or cork ring and fill it up with glass beads, as 
the liquid level is lowered. Your photo dealer has them and sometimes 
you may obtain such beads in a toy-shop. All these glass beads are slightly 
alkaline and should, therefore, washed beforehand in water to which a 
few drops of hydrochloric acid have been added. After that the beads 
must be rinsed in fresh water. Floating paraffin lids also prevent oxidation! 

9. There is no need to use the very dark green safelight filters when 
dealing with panchromatic film. The darkroom should be as bright as pos
sible and the I(odak Safelight No.3, IIford 907, Ansco A-3 and Agfa No. 
103 - all for indirect light - will do for most of the panchromatic material, 
with the exception of that of the highest speed. 

10. With regard to the temperature of the developer, the manufacturer's 
instructions mutt be obeyed implicitly. Correct tank development is pos
sible only if the time of the development together with the temperature 
of the solution are both absolutely standardized. Normally the tempera
ture . should be from 65 0 F (18 0 C) to maximum 68 0 F (20 0 C), but there 
are certain developers which have to be used at a higher temperature, 
e. g. Ergol at 77 0 F (25 0 C). Temperature and developing time are the 
results of much research and should be adhered to implicitly. It is a fact 
that too cold a developer delays the development and yields thin, under
developed negatives. A warm developer, on the other hand, causes dense 
and even hard negatives, which means that the granularity also increases 
with the negative density. In winter it is easier to maintain the correct 
temperature than during a hot summer when even the tap-water is so 
warm that it is not sufficient to place the tank in a jar of cold water 
(if ice is not available). Developing in hot weather (or in tropical coun
tries) is a rather delicate operation., for the gelatine tends to be over
sensitive to contact. Very often small particles break away from the edges 
and stick to the emulsion elsewhere. To avoid complications., developing 
must be done either during the night, when it is cooler, or postponed 
until the weather has changed. 

11. A film strip may be "desensitized" prior to development. It is then 
narcotized and can be developed in yellow light, being under control all 
the time. Desensitizers must not be used with certain super-fine grain 
developers and certain makes of film. Desensitizers are Pinacryptol Green 
(Cloak & Dowdeswell), IIford Desensitizer Tablets (green, yellow), John
sons Yellow Desensitizer, Ansco, I(odak, Agfa Pin a-White, P. A. C. Desensit 
(Photographics Co. Ltd.). These desensitizers are normally recommended 
for use as preliminary baths and some increase in developing time may be 
necessary. However, film strips should not be developed in this way. For 
single negatives developed in a tray it is advantageous to keep the negative 
under constant supervision. The desensitized film should never be develop-

You 'want a special therD1oD1eter for photographic purposes. 

Bright 
darkroom 

Highly 
important: 
Temperature 

Dese1iL
sitizing 
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ed in red light as a part of the late.~.,\ image will be destroyed (Herschel 
effect, see page 252) and the negative will appear underexposed and hard. 

Filnt must 12. If a film is allowed to remain stationary in the developer uneven 
be agitated development of certain parts of the film is unavoidable. Regular and uni

form development can be ensured only when the film is agitated in the 
developer at intervals during the whole time of development. If the devel
oper is not agitated, streaks tend to form at the edge and dark lines will 
run vertically down the negative. It is not sufficient merely to agitate the 
developer two or three times during the developing time. Advertisements 
which say that you can develop your film in daylight while writing a letter 
may be persuasive but are not true. When you have 12 or even 36 negatives 
in your developing tank it is well worth while to make sure of good results 
and to agitate the developer. This should be done with consistency either 
by continuous agitation or by agitating the film brieHy at regular intervals. 
The movement should be both vertical and lateral, and for this purpose 
the two-way agitation tanks are ideal. The inHuence of the agitation on 
the process of development is no small matter: it determines the develop
ing time. When intermittent agitation is used - say 3 seconds every mi
nute - the developing time will be about 30 - 50 % longer than with 
constant movement during the whole developing time. The developing 
times indicated by the developer manufacturers are usually calculated 
for intermittent agitation. A new German J obo-Tank has no stirring rod 
but can be closed watertight and, therefore, be used in upright and up
side-down position, which ensures a good agitation of the developer. 

A basic 13. Fine grain may be obtained with any modern developer if Dr. Paul 
rule Wolff's basic rule is adhered to: "Expose generously - develop moder

ately". Actually all fine-grain and super-fine-grain development is still 
based on this principle. Development to "finality" would result in double 
the DIN or ASA value and would be much too hard and dense. With the 
retarded under-development, a negative can he obtained which though 
somewhat low in contrast is by no means Hat. A Hat negative should be 
enlarged only on hard paper which will result in the return of graininess. 
Modern negative material has to be developed to a definite degree of 
density, and a negative of a somewhat vigorous appearance is preferable 
to a thin one. With a soft paper, we may still obtain good results, while a 
thin negative has to be enlarged on a hard paper, which is not suited for 
miniature photographs. 

Used 14. Do not risk the success of development by using ' old and used deve-
developer loper (see page 30). If the degree of exhaustion is not controlled by a 

definite system, as it is with the W 665 (which has excellent keeping pro
perties) and W 22 (see page 90), correct development can be achieved 
only by the use of fresh solutions for each film. 
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15. DiagraID of relationship between filll1 speed, :method of 
develop:ment and granularity 

This diagram shows the dependence of the SIze of the graIn upon the 
speed of the film and the type of developer used. It is possible to mini
mize the inherently coarse grain of a high-speed film by a superfine grain 
developer and to obtain a relatively coarse graIn In a slow fine-grain film. 

50 - 80 A.S.A. 
18 - 20/10 DIN 

• 

25 - 32 A.S.A. 
15 - 16/10 DIN 

8-12A.S.A. 
10 - 12/10 DIN 

ill Metol-H yo rofluinone ________ ~ 

ill true fin e-g rain deve!. 

in Metol-Hydroquinone 

in true fine-grain d eve!. 

in Metol-Hydroquinone-------~ 

in fine-grain deve !. , o ld type -------II.~ 

in true fin e-grain cl eve!. _-------....... ~ 
~-----------.. 

16. An excellent film which has been correctly exposed may be made a 
total loss by faulty development, even when an efficient fine grain develop
er has been used. The resulting negatives may be either extremely hard 
and of too high a contrast; or of a low density and low contrast between 
highlights and shadows. Developing time and temperature are most im
portant. Low speed films are inherently contrasty and need shorter 
developing times than high-speed films, which yield negatives which are 
too soft, unless the developing time is adhered to implicitly. Unfortuna
tely, many developer manufacturers quote developing times such as 8 - 18 
minutes"} which are rather ambiguous. Absolutely correct developing times 
should be given, as is the case with the W 22 and W 665 developers (see 
pages 90 and 92), because every developer has its own individual deve
loping time or "developing speed" at a given temperature. 

A miniature negative can be examined properly only with a x 10 JDagnifying glass. 

much 
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110 clumping 
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Developing 
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17. Table of Relativ e De:yeloping Times 
Development to normal well printable negatives. 

Ratio figures for the 

developing time 

Watch 
hint 191 

110 

Group I (inherently contrasty, low speed) 
AGF A Isopan FF 
FERRANIA Super P anchro P 3, min. 
HAUFF Pancola Granex 
ILFORD Pan F (most brilliant of this group) 
MINOX Green Label, 9.5 mm 
PERUTZ Pergrano 
SCHLEUSSNER Adox KB 14 P, mm. 

R 14 

Group II (normal to brilliant) 

AGF A Isopan F (mean between groups II and III) 
BAUCHET Hyperpan, rollf. 
FERRANIA Super Panchro, rollf. 
GEVAERT Gevapan 27, min. and rollf. 
HAUFF Pancola 18 
ILFORD FP 3, min. and rollf. 
KRA Z Pan 17 
LUMIERE Lumipan, min. and rollf. 
MINOX Yellow Label 9.5 mm 
PERUTZ Perpantic, min. and rollf. 
SCHLEUSSNER Adox KB 17 P, min. 

R 17, rollf. 

Group I I I (normal, somewhat softer than II) 
AGFA Isopan ISS 
ANSCO All Weather Film, min. rollf. 
GEV AERT Gevachrome 

Gevapan 30 and 33, mm. 
HAUFF Pancola Super, mm. 
ILFORD HP 3, min. 
KODAK Plus X 

Verichrome 
KRANZ Pan 21 
MTMOSA Panchro, rol1f. 
MINOX Blue Label, 9.5 mm 
PERUTZ Peromnia 21 and 23, mm. I 
PERUTZ Persenso, rol1f. 
SCHLEUSSNER Adox R 18 P 

Group IV (relatively low contrast high speed 
AGF A Isopan Ultra films) 
ANSCO Superpan Press, rollf. 

Vll raspeed pan, min. 
FERRANT A Superpanchro 32, rollf. 
GEVAERT Gevapan 33, rollf. 
HAUFF Pancola Super, rollf. 
ILFOHD HP 3, rouf. 
KUDAK Super XX 

Tri-X 
MINOX Red Label 
PERUTZ Peromnia 21 and 23, rollf. 
SCHLEUSSNER Adox KB 21 

Filmpack 
R 21 P 

3 - 4 

5 
a a tandard *) 

6.5 

8 - 9 

*) - and with the developers W22 and W665 (see pp. 90 and 92) which correspond now to 

a developing time of 8 - 9 minutes (a different standard time according to developer used). 

12 - 20 A.S.A. 
220 - 240 B.S.I. 
12/100 - 14110° 
DIN 

About 
40 A.S.A. 
270 B.S.I. 
17/100 DIN 

40 - 100 A.S.A . 
270 - 3JO B.S.I. 
17/100 - 21/100 

DIN 

Up to 
160 A.S.A. 
33° B.S.I. 
23/10° DIN 
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No responsibility can be taken for the correctness of these figures when 
the film manufacturers alter the composition of their emulsions. It should 
not be difficult to estimate fairly accurately the developing times required 
for films for which there is no time given . 

This table gives ratio figures which are not identical with the actual 
developing time in minutes! The developing. time (with any desired 
developer) can be calculated fairly accurately from the table. Each group 
is accompanied by a figure showing the relationship between the develop
ing times with the same developer for the various groups. For example, 
Group II has the figure .5, but group III the figure 6.5. A film of group III 
has, therefore, to be developed for a longer time, in the proportion 
of 6.5 to 5, which means the film must be developed by about 1/ 3 longer 
than one of group II. Group II contains the films termed "normal to bril
liant", while group III contains those which work "somewhat softer". 
The appropriate text of this book refers only to the~e groups, 
groups I and IV being rather on the extreme side. Group I contains films 
that are inherently contrasty and should be developed for a correspond
ingly short time, whilst group IV consists of soft working films. (The 
table shows that the developing times between I and IV are as 1 : 2.) 

The ratio figures merely give an indication, because the result desired 
depends also to some extent on personal taste. The gradation of some 
makes of film may be found to vary slightly. It is, for instance, a fact 
that Kodak Super XX film made in France has to be developed for a 
slightly longer time than the same film made in U.S.A. and Canada, which 
is again slightly different from that made in Great Britain. Super XX 
roll film (U.S.A.) to be developed with Promicrol requires 10 min., that 
made in Canada 10 min., the one from France 16 min., and the product 
of Great Britain 11 min. 

Low contrast developers should not be used for the development of elect
ronic flash exposures. The developing time should be increased by 30 
to 50 0/0. However, it is advisable to conduct a test with every new type 
of film, developer and flash equipment. 

The two tables on pages 112 and 113 appeared in "Popular Photography" 
(New York), vol. 37, no. 2, August 1955, p.90, 92. The classification of 
films is as follows: Group 1: Adox I(B-14, KB-17, Gevapan 27, IIford Pan F. 
Group 2: Adox KB-21, Ansco Supreme, Du Pont Superior No.2 (available 
only in 100 ft. and larger bulk loads) , Gevapan 30, IIford FP 3, Kodak 
Plus X. Group 3: Ansco Ultra Speed Pan, Gevapan 33, Kodak Super XX, 
Gevapan Press, IIford HP 3, I(odak Tri-X. 

18. At this point the short chapter on "Gradation" (page 135) is recom
mended to those who require fuller information about unnecessary under
development and satisfactory gradation. 

Correct developing is possible only at a temperature of 65 0 to 68 0 F. III 
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Processing :for optimuJD pictll,re quality 

Time-temperature development, group 1 & 2 films 

Time, in minutes, for 68 F with intermittent agitation. Data is for subjects 
of average contrast only. 

Group 1 1'illDs (at indicated film speeds) 

Developer 
I 

ADOX KB·17 

I 
ADOX KB·14 I ILFORD PAN·F I GEVAPAN 27 

50·D; 40·T 25·D; 20·T 16·D; 10·T 32.D; 20·T 

I 
D-76 10 - 12 8 - 10 I 8 -9 I 

Promicrol 8 - 10 7-9 7 - 9 

Clayton P-60 8 - 10 6-8 6 - 8 

N eo fin-blue * 20 - 24 12 - 20 12 - 18 

N eofin-red * 12 - 16 8 ~ 12 ** 

Minicol 8 - 10 6 - 8 ~- 8 

X-33 9 - 12 8 -10 8 - 9 

~licrodol 10 - 12 8 -10 8 - 10 

* Tim e given for de veloping 2 rolls simultaneously 

** N ot recommended 

Group 2 FillDS 

I All Group 2 
All Group 2 

Films at 125·160 
Developer 

I 
Films at Mfr 's Speed, average 

Sp ee d rating lighting 

D-76 7 - 9 10 - 12 

Promicrol 6-8 8 - 10 

Microphen 10 8 - 10 

Clayton P-60 8 - 10 12 - 14 

D-23 8 - 12 12 - 14 

Finex-L 8 - 10 ** 

Edwal 20 12 - 14 ** 
-.. ' ' I 

X-33 8 - 10 ** 
Microdol 12 - ,14 ** 

I 
** N ot recommended 

10 - 12 

I 9 - 11 

10 - 12 

** 

12 - 18 

9 - 12 

9 - 13 

12 - 14 

Kodak plus.X 
at 320 speed, 
avg. ligh ting 

** 

12-14 

12-14 

** 
** 

** 

** 

** 

** 

I 
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Processing :for IDRxilDulD fillD speed 

- Time-Temperature Development, Group 3 Films 

(68 F with intermittent agitation) 

A. Ansco Ultra-Speed, Kodak D-76 11 - 13 min. 

Super-XX, Ilford HP-3 and 
Promicrol 12 - 14 min. 

Gevapan 33 exposed on 

I 
basis of 160 - 320 speed Microphen 12 - 16 min. 

D-23 12 - 13 min. 

B. Kodak Tri-X exposed at D-76 11 - 13 min. 

indicated speed ratings 
Promicrol 9 - 12 min. 

l\1icrophen 12 - 14 min. 

D-23 12 - 13 min. 

C. All Group 3 films with flash Promicrol 7 - 9 mIn. 

Microphen 10 - 12 min. 

D-23 10 - 12 min. 

Microdol 12 - 13 min. 

Clayton P -60 8 - 10 min. 

. 
200 

200 

320 

160 

650 - 800 

650 - 800 

650 - 800 

400 - 450 

Users of 
electronic 
flash may 
want to add 

> several 
minutes 
to obtain 
additional 

J contrast 

19. The value of the developing times given by film and developer manu- Developing 
facturers is often considerably reduced by their lack of reference to any time 
specific degree of negative contrast in terms of "gamma". On the other unknown 
hand, it may happen that for some reason or other one has to work with 
an unknown developer or an unknown film or even with both. 

In that case take a piece of raw film to make a test. It is sufficient to 
take a piece of film the same size as that of one of the squares on 
page 114. The development is done in daylight. A small liqueur-glass is 
filled with developer and placed in a dish of water of 67 0 F (19 0 C). 
The small piece of film is cut into three equal parts in such a way that 
they hang together. All three squares are then developed. After SIX mI-

Correct developing is possible only at a temperature of 650 to 680 F. 113 
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Developing 
time, 

grain and 
contrast 

nutes the first part is removed, after 9 minutes the second part and after 
13 minutes the third part. All the p arts should be immediately fixed, 
rinsed and dried. The three sections will be of three different shades 
of grey. If the sections are placed face down over a piece of paper 
covered with bold print one should be able to read the print clearly. 
The deep black section will not be suitable, and neither will the section 
which shows almost clear celluloid. The section with a suitable trans
parency is that which allows the shape of bold type to be clearly dis
tinguished. This would be the same transparency as is shown in the 
"toe" (shadow density) of a correctly developed miniature film. The 
best comparison is, of course, with an "ideal toe" of an old miniature 
film (which should be preserved). The optimum developing time can 
usually be found by interpolation, as grave errors are hardly likely. 

20. The following table shows the decisive importance of the developing 
time: 

Short dev. I Medium dev. 

I 

Long dev. 
time 

I 
time time 

Low c ontrast fil:m.s Low contrast 
"Delicate" 

Normal 
mainly 64 to 160 Very fine 

neg. Grain 
contrast, 

A.S.A.= 19-23!10DIN sufficiently 
(Group III, esp. IV) 

graIn 
fine 

coarse graIn 

Fil:m.s of :m.oder a te "Delicate" contrast too 
contrast 

neg. grain 
normal con-

high grain 
mainly 20 to 60 trast grain 

extremely sufficiently 
A.S.A. = 14-18/ 10 DIN very fine 

fine fine 
(Group II) 

Fil :m.s of hig h 
contrast a c ontra st Normal con- hard, 

mainly 8 to 16 trast practi-
little too high 

very fine 
A.S.A. = 10-13/ 10 DIN cally no grain 

extremely graIn 
(Group I) 

fine grain 

I 

What does the expression "delicate" negative mean ? Well, one could say 
the 'ideal' negative, which looks thin, but which contains all the details 
and is especially suitable for miniature work. The table itself shows the 
interrelationship between developing time and the" resulting negative, 
if an object of medium contrast is taken as the basis. The conclusions to 
be drawn from the table would be that the finest grain and maximum 
printability (with development to normal contrast) are obtained in the 
following two ways: 
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21. What is needed is a grainless enlargement from a miniature negative 
up to 12 x 16 in. (30 x 40 cm) or to blow up a section of it to a cor
responding scale. The simplest way would be to use one of the inherently 
contrasty films of 8 to 20 A.S.A., to expose generously and to develop it 
for a short time, or perhaps better still use hint No. 24. 

This may do for landscapes and architectural details which do not require 
a high speed film. However, a slow speed is not usually sufficient for 
snapshots, especially of moving objects, when some depth of field and 
stopping down is needed in addition to the 1/100 or 11200 second exposure 
necessary to freeze the movement. The minimum requirement will be a 
40 A.S.A. film. It will then be necessary to find a 40 A.S.A. film which 
yields a fairly brilliant negative within a short developing time (to main
tain the fine grain) which gives sufficient contrast as well. When this film 
has been found (probably in group II ), it may still happen that the rep
resentation of color in terms of grey tones is unsatisfactory or unsuit
able for some special purpose. This shows that it is absolutely necessary 
to be thoroughly familiar with the characteristics of two or three types 
of film. When " the" film is finally found, it may happen that the manu
facturing firm secretly improves the composition of its emulsion and that 
means the whole process has to be repeated. So it is of little use to publish 
a long list of the characteristics of commercial films. The improvement of 
these films in recent years has been quite extensive. 

22. What is called the " ideal" negative IS one that can be enlarged on 
normal bromide paper in sruch a way that not only the deep shadows, 
but also the highlights show sufficient detail. This applies to all sizes of 
negatives, but it must be borne in mind that this "ideal" negative may 
well differ from the "ideal" of another photographer, since the negative 
has to be adapted to the construction of the enlarger in use (see page 142). 
It may show a little more contrast when an enlarger with a double con
denser is used and may, on the other hand, be thinner when the enlarger 
is equipped with a diffusing disc. 

23. Here is a useful emergency developer which the author discovered 
after some research. It has proved to be an excellent all-round developer 
for miniature and larger films , provided the enlargements are restricted 
in size. If the larger negatives 21/4 x 21/4 in. and 21/4 x 31/4 in. are used, 
then even bigger enlargements can be obtained without graininess. After 
many experiments with nondescript mixtures and concentrations I found 
an amazing developer which is a) extremely cheap, b) easy to make up, 
c) almost indispensabl-e on a trip for making test developments. This 
all-round developer consists of two chemicals only, gives excellent negatives 
with a minimum of fog , both of very hard and very soft working emulsions 
according to the developing time, which must be determined for the various 
types of film by experiment. 

The film, 
to look lor 

T he " ideal" 
negative 

A n all-round 
dev elo per 01 
only two 
components 
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Developing Hints 

See hint 19! 

Special 
developer 

for FF-films 

The way to 
a total loss 

Fixing 

Dissolve separately in some water 1 gram (15 grains/) Pyrocatechol and 
20 grams (300 grains) of sodium carbonate cryst., mix and dilute with 
water to make 500 cc (16 oz.). That's all! Developing times found so far: 
Agfa Isopan F 10 min., Ansco Supreme 10 min., Kodak Super XX 12 min., 
Kodak Panatomic X 7 min., Perutz Peromnia 11 min., Gevapan 11 min., 
Ansco Superpan Press 14 min., Perutz Perpantic 10 min. It produces a 
slightly brownish image tone giving greater printing contrast than is 
apparent to the eye. As the solution is unstable it can be used only once. 
This is an excellent developer for 6 x 6 cm (21/4 x 21/4 in.) films and for 
plates. There is\ no need for an acid fixing bath. It is well worth a trial. 

24. Some films are rather difficult to develop because they demand an 
absolutely correct developing time. These films are of the low speed, 
fine grain type, such as Ansco Isopan FF, Pergrano, Adox I(B 14 P. Films 
like these will yield grainless enlargements up to 3 feet if developed in 
W 665 (page 92). But we are chiefly interested in developing these ultra
fine grain films so as to produce their full speed capacity without obtain
ing too dense highlights on these inherently contrasty films. After a series 
of experiments a formula was reached for which only a 10 % Pyrocatechol 
solution and a solution of caustic soda (10 0/0) are required: 500 cc (16 oz.) 
water + 10 cc Pyrocatechin solution (10 0/0) + 5 cc caustic soda solution 
(10 0/0). The solution is not for repeated use. Expose for the full film 
speed. Developing time for Ansco Isopan FF 7 to 9 minutes.*) 

25. Anyone who is unable to develop a fine grain negative in the first 
instance will be even less equal to the delicate chemical process of con
verting a coarse grain negative into a finely grained one by bleaching and 
re-developing. The coarse grain negative will usually be a total loss. It is 
much more advantageous to concentrate on a consistent method of pro
cessing. Hint 21 on page 163 is a safer proposition. 

26. The fixing of our negatives should not he excessively prolonged or 
carried out in an over-acidified fixing bath. The fine grain films of group I 
(page 110) should be carefully watched in the fixing bath, and the fixing 
time must be shorter. The modern rapid fixing baths are very effective and 
take only about 3 to 4 minutes. Longer fixing may be harmful. 

Bacterial 27. Extensive washing in hot weather may lead to bacterial action 
action within the emulsion in the form of small eroded parts or track-like struc

tures. Remedy is a few drops of phenol (carbolic acid) or formaldehyde 
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*) The idea of subjecting high contrast 'films to an extremely soft surface development 
first published in this book in 1941 and re-discovered in 1954, will, of course, never 
achieve "doubling of the actual film speed". The delicate shadows which may be ad
ditionally gained by this process are not printable. Any sensitometric test will prove 
this. These soft developers are not suitable anyway for films of a greater speed than 
40 A.S.A.-

For a true non-staining fine-grain developer see page 92 



Developing HInts 

(formalin) solution to the last washing water. Normally a wetting agent 
should be added to the last washing water to accelerate drying and to 
prevent drying marks. 

18. It is a good plan to immerse the negative strip into a bath of 2 - 3 cc Clearing 
acetic acid to 100 cc water, in order to clear the film and to remove finger the film 
marks, streaks, traces of lime often deposited by tap water. 

29. The secret of successful working is cleanliness and this is decisive 
in the drying process. The smaller the negative the more important is 
careful drying. Specks of dust and especially particles of gelatine, in
visible to the naked eye, may prevent whole film strips from being en
larged. The much recommended method of wiping down the film with a 
chamois leather or viscose sponge is best omitted. More films are actually 
destroyed by wiping wet film than by any other cause. If you have used 
an acid bath (28) it is sometimes risky to use a wetting agent on the same 
film. A few of these agents causes scum or even reticulation, if used after 
the acid bath, while others are quite harmless. This is the best way to dry 
a film: when the film has been adequately washed - with a few drops of 
wetting agent in the last wash water - hang up the strip of dripping wet 
film and let it drain naturally in an unused dust-free room. The room 
should not be entered while the film is drying. If dust suspended in the 
air dries on to the emulsion it is impossible to remove it. This may appear 
over-cautious but it produces clean negatives and saves retouching. Caution 
is particularly necessary with negatives showing large uniformely toned 
areas (such as the sky, sheets of water or snow) which are difficult or 
impossible to retouch. Under no circumstances should one use a hair
drying apparatus which blows a stream of warm air on to the film. The 
compressed air will collect all the dust in its vicinity and will virtually 
embed it in the emulsion. During drying, the film strips should also be 
protected from insects, particularly flies. Hanging the strip in a gauze bag 
is a good plan. Another method is to rinse the film in a solution of formal
dehyde (formalin) immediately after washing. 

30. Plates can be dried with alcohol, but don't try it with films. The 
base of the film is often soluble in alcohol and if it is not so it may curl 
in the opposite direction and the film strip will become as stiff as a cane. 

31. Dry films should be handled only by their edges, and not at all 
with moist hands. Some people believe that they have perfectly dry 
hands but after a few months their films will prove them wrong; the sweat 
marks will have bitten into the emulsion, causing dark spots (see page 268). 

Successful 
drying 

Do notwipe 
wet film 

Drying with 
alcohol 

Finger
marks 

There are miraculous developers which revolutionize the fundamental Develop
principles of the process, but they have only a short life, except in the ment to 
trade press where they live a little longer. There was a man who invented " finalit y" 
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a method of development to "finality", who believed that he could 
convert a 40 A.S.A. film to one of 64 to 80 A.S.A. by developing it for a 
sufficiently long time. What he actually did was to develop merely the re
serve in speed which any film has and which is of no use because it leads to 
bone-hard highlights which can neither be printed nor enlarged. The 
gamma produced is much too high and the grain, of course, anything 
but fine. This does not mean that this method of forced development 
cannot be useful sometimes. If the object taken lacks contrast and has a 
very small brightness range, development to finality may yield printable 
results. However, to develop a film strip of normal exposures to finality 
would be the safest method of destroying the negatives. 

The following statement is from the leading " Ex Cathedra" article which 
appeared in the "British Journal of Photography" (vol. 101, No. 4909, 
June 18, 1954) . 

" And now, shall we have a few real facts? There are a number of 
different methods of expressing emulsion speed. Nearly all are exact, 
and precise rules are laid down for their use. It is, we believe, no 
secret that at one time all the British manufacturers tested each other's 
products by the then new B. S. I. system and all agreed to within 1 deg, 
or 25 per cent. - a difference which is not normally detectable in prac
tical photography. The speeds thus obtained boil down in the end to a 
mathematical statement of how little light, in scientific units, is needed 
to produce definite image densities at certain specified levels , and the 
processing procedure is strictly laid down. By wangling development, 
the same threshold image densities can be produced with less light. In 
other words, such and such development gives greater threshold speed to 
the emulsion. You can do it warming up the developer, by developing all 
night, by using various brews. In most cases you get an unprintable 
negative because of excessive contrast and/ or fog and grain. In some 
cases, however, you get this extra speed with a printable negative. And 
that's where the super-speed developer comes in. D.23 at relatively high 
temperatures such as 77 0 F, is a case in point. Certain proprietary 
developers give even better results in regard to the printability of the 
negative, and therein lies their claim to increase the emulsion speed. 
There is no mumbo-jumbo about it: no taking into account this, no 
allowances for that." 



Developing Hints 

B. Failures and Defects (see also pp. 266) 

TreatlDent of fogged, dirty or scratehed :miniature negati-ves 

32. Miniature 35 mm-films have no gelatine coating at the back. While Dirty film s 
the emulsion side will always be flawless when handled as described above, 
the back will usually show drops and drying marks. To remove these, 
face it down (emulsion downwards) on a smooth surface that has been 
wiped carefully with a pad of cotton wool, slightly moistened with 
methylated spirit. Do not use soft leather, it may cause scratches; cotton 
wool will be found to be safer. The back of the film must be free from all 
marks, otherwise trouble may occur when enlarging. 

33. 0 i r t and small scratches are removed in the same way, but the 
cotton pad should be soaked in carbon tetrachloride. The film must then 
be carefully dried with the cotton squeezed almost dry. About blisters in 
the negative see page 117. For enlarging badly scratched negatives see 
pages 159. Scratches can be removed by soaking the negative in a solution 
of 1 part glycerin to 6 parts water until the film becomes damp. Then the 
negative should be wiped with a wet chamois squeezed almost dry. If films 
are being soaked in an anti-scratch film hardener (e. g. Kodak, Edwal) 
negatives are produced which are nearly impossible to scratch. 

34. Drop-like :markings on the fil:m (usually with dark 
rims) can often be removed by washing for 24 hours , if the mark is not 
too old. A dry negative, which has accidentally been splashed with water 
should be returned at once to the washing water, as otherwise marks will 
be unavoidable. 

35. Yellow fog (caused by hypo in the developer, a too old or a not Fo g 
sufficiently acid fixing bath, or insufficient rinsing between developer 
and fixing bath): Immerse in bath of thiocarbamide solution and leave, in 
bad cases, for several hours. To make up a similar bath here is the formula: 
Thiocarbamide 1 gram (15 grains) , Citric acid 1 gram (15 grains), water 
to make 100 cc (3.2 oz.). 

36. Die h r 0 i c fog (different colors by reflected and by trans
mitted light). Chief cause: contamination of developer with hypo. Slight 
fog can usually be removed by the thiocarbamide bath mentioned under 35. 
It can be often removed by a brief rinse in a half per cent solution of 
potassium permanganate followed by washing and clearing in 10 % 

bisulfite solution and another thorough washing. See clearing bath, 
page 242. Dichroic fog may be removed if the negative is immersed in a 
neutral solution of potassium permanganate, 1 gram per 1,000 cc (15 grains 
per 32 oz.) until the fog has disappeared. The brown permanganate stain 
is then removed with a 5 % solution of sodium bisulfite or a 1 % solution 
of potassium metabisulfite. 

After every treatIDent for reIDoving fog washing IDust he repeated. 119 
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37. Negative shows greenish or bluish colorat
ion. Usually caused by an anti-halation layer (immaterial in the en
larging process): reddish color vanishes in freshly made acid fixing bath: 
Normally the color can be removed by using a weak alkaline solution~ e. g. 
a 5 - 110 % solution of sodium carbonate, or water containing a few drops 
of ammonia. After treatment the negatives should be washed. The bluish 
fog in panchromatic emulsions can be disregarded unless it occurs in 
irregular patches. 

38. Color e d :f 0 g as a residue of pinacryptol dye from a de
sensitizing bath (see pag'e 107) disappears in a 2 - 3 % solution of glacial 
acetic acid or hydrochloric acid. Wash after treatment. 

39. W hit e - g r e y ish de p 0 sit (chalk from hard water) dis
appears when rinsed in solution of glacial acetic acid (38). If this treat
ment causes a bluish discoloration~ add a few drops of ammonia to the 
wash water. Wash after treatment. 

40. S i I v erg r e y fog similar to deposits of chalk but finer~ is 
usually due to the use of true ultra-fine grain developers. It can be removed 
by rinsing in a 2 - 3 % solution of glacial acetic acid. 
Further directions on the removal and treatment of stains can be found 
in the Data Book published by the Eastman Kodak Company: Stains on 
negatives and prints. Rochester~ N. Y.~ 1952~ 56 p. bibl. 

c. Retouehing Negatives 

42. It is obvious that the tiny negatives of miniature film can hardly be 
retouched~ although the larger negatives up to 6 x 6 cm (21/4 x 21/4 in.) and 
6 x 9 cm (21/4 x 31/4 in.) may well be retouched by an expert. If a valuable 
miniature negative must be retouched, it should first be enlarged on one 
of the commercial duplicate films to~ say~ the 9 x 12 cm size. The following 
method yields reasonable results: Enlarge the tiny negative on an ex
tremely slow procesS' film to obtain an enlarged positive. By means of 
contact-printing~ produce a new negative on duplicate film (I(odak~ Du 
Pont, Ansco). Use well diluted developer to prevent too much contrast. 
Both the intermediate pictures - positive and negative - lend themselves 
to retouching~ especially with the use of the red dye Neo-Coccin. This dye 
should be applied in a thin layer on to the slightly moist emulsion. A very 
soft brush should be used; and if the layer is not quite uniformly spread 
over the part to be retouched~ it can easily be washed away with water. 
Kodak regular retouching fluid s·hould be applied to facilitate pencil 
retouching on negatives. For positive retouching see page 165. 

The intermediate negative can be omitted if direct duplicate films (Kodak, 
Du Pont) are available. 
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phot. Schmolcke (Rolleiflex) 
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Ta n 'th 21/ i' 21/4/1 Rolleifle on r er al film by lW ewteboom Plat 





photo Peter Keetman 
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Chiemsee. photo Peter I(eetman 
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photo Barbara Seidl 
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photo Alfred Tritschler 
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photo Rud. Henneberger 
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photo Peter Keetman 
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photo Ludwig Schuster I 
The light green spring foliage taken against the light and an ideal conlbination of film j 

.and filter gave this picture of a very beautiful landscape full of light and atmosphere. 



photo Alfred Tritschler 
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SEBAN REISERER t. photo H. Windisch. 
24/36 mm, F 9 cm. Panatomic film. 
Without color filter. 



photo J. v. d. Borgard (Rolleicord) 
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photo 1(. Muller jr. - Taken with the Novoflex attachment to the Leica (ill. page 193 ) 
at f : 11 with 1/ 60 second. 
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photo D. Rebikoff with 1/ million second, f : 22. This abnormal technical success is possible~ 
of course, only with the elaborate means of a laboratory (see page 213/214). 
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IV. GRADATION 
It is well-known that photographic emulsions are often referred to as 
being of "high" or "" low" contrast. These are the popular terms defining 
the over-all contrast of the negative material. Between the two extremes 
"high" and '"low" there are, of course, many different degrees of grad
ation, and one in particular which may be called " normal". Examples 
of different types of gradation are given on the following page. 

Gradation means just what it says: a division into degrees. The idea of 
gradation can best be shown by exposing a plate outside the camera 
by lifting the slide of the plate holder in gradual stages, so that after 
development the difference in blackness between the successive steps can 
be examined. It will be seen that the steps begin with the slight grey tone 
of the shortest exposure and proceed to the deep black one produced by 
the longest exposure. This increase in blackness expresses the gradation of 
the emulsion. If the increase in density is a rather steep one, the emulsion 
is called '"hard",if it is more flat the emulsion is '"soft". Slow speed photo
graphic emulsions usually tend to be steeper in gradation than high 
speed ones. 
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---~ LOG EXPOSURE 

The experimental results and the increase in density can be exhibited 
in the form of a curve on squared paper. However, exposure and develop
ment must then be standardized. The density is measured by means of a 
densitometer, and plotted against the logarithm of its exposure. 
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Gradation 

High-lights 

Li g hts* 

Half tones 

Shadows 

l'hree eharacteristic exalDples of tbe grudation of negative 
:rna terials 

Left: A "harmonious" gradation, usually shown by emulsions of normal 
and high speed. In miniature negatives the density should not go beyond 
the point *, as the enlargements would show too much contrast, but in any 
case, fine grain developers do not usually produce such a density. 

Centre: Gradation of a slower emulsion of higher contrast. The in
crease in density is more abrupt, and there is less modulation in the high
lights. This film belongs to Group lIon page 110. The apparently ex
cessive contrast is counteracted automatically by fine grain development. 

Right: Very steep gradation of a high contrast emulsion of Group I , 
page 110. Emulsions of this type, which are usually very slow, must be 
given even less development than .the brilliant emulsion of the example 
shown in the center. Even then, the half tones will be almost nor -existent 
unless the exposure is generous; therefore it is advisable to over-expose 
intentionally so as to obtain a softer rendering. If under-exposed, emul
SIons of this type produce very hard negatives. 
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The figures in the abscissae represent the actual exposure, the ordinates 
the degrees of density. The exposures are standardized in candle-meter 
seconds and plotted logarithmically. Log. E (i· t) means the intensity of 
the exposure multiplied by the exposure time. The graph thus obtained re
presents a characteristic curve of practical value and the factors derived 
from it are as follows: 

For the smallest exposures a constant density is gIven which does not 
change with decreasing exposure. (See page 135). This slight density is 
inherent to all negative material and represents a trace of fog, and is there
fore called the "fog-level". At (a) the first visible density is produced and 
this point is called the "threshold value" or "threshold sensitivity". From 
(a ) to (b) density rises at first slowly, but then with increasing rapidity. 
The part of the graph from (b) to (c) is called the "straight-line portion", 
ending at (c). Above (c) the gradient of the graph decreases this 
"shoulder" indicates the region of over-exposure and the beginning of 
the "solarization" of the grains of silver bromide. At (d) exposure dif
ferences are no longer recorded by corresponding differences in density, 
the silver bromide being already solarized (for solarization see page 257). 
Now, the straight-line portion defines the range in which density increases 
proportionally to the logarithm of exposure (b) to (c), and this is there
fore the only portion of the graph which is of practical use from the 
photographic point of view. 

The short curved part above the threshold is referred to by experts as 
the "toe" of the curve, and represents the most delicate shadows which 
are of barely sufficient density to be perceptible. Many emulsions have 
an undesirably long "toe", others a desirably short one. Whereas Schein
er's obsolete method of speed rating included the toe in the calculation 
of over-all sensitivity and also measured the threshold value at (a), the 
German DIN-method states the speed of an emulsion as the density of 
the step behind which a density of 0.1 above fog-level has bee.n obtained; 
that is, at a point where the density actually commences to be almost 
sufficient for practical purposes. This is the point where the density just 
starts to become printable. Any expert knows that the very delicate 
shadows of a normal negative cannot be reproduced faithfully if the 
print is to render the highlights correctly as well. This is due to the fact 
that the brightness range of an image (on paper) is always considerably 
smaller than that of a transparency from the same negative. 

GalUlUa (y) 

A steep gradient of the curve indicates a negative material of a fund
amentally 'contrasty' nature; if the gradient is less steep the negative 
material will be s'ofter in character. However, the terms "hard" and "soft", 
"steep" or "gentle gradient" are somewhat vague, and it is obvious that 
the gradient of increase in density needs to be more clearly defined. The 
steepness of the graph is used as a measure. As the straight-line portion 

Gradation 
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of the graph is the steepest part, it is extended to meet the axis of the 
log. E. The factor "gamma" is a function of the angle (a on page 13.5) be
tween these two lines. It is sufficient to know that "gamma" = 1 corre
sponds to an angle of 45 0 (normal gradation). An angle of 42 0 corresponds 
to a "gamma" = 0.9 (which is softer than normal), whilst an angle of 
47.7 0 corresponds to a "gamma" of 1.1 (more vigorous than normal). 
The gamma of a correctly-exposed negative depends upon the developer 
used, the developing time and the temperature of the developer. In minia
ture negatives a gamma of less than 1 is desirable, and most experts 
agree that the most suitable gamma for the tiny negatives is one about 
0.8. However, gamma does not rigidly define toe slope; up to a certain 
point it increases as development proceeds. It can, therefore, be affected 
by modifying the normal developing process and the type of deve
loper and by varying the developing time. Higher developing tem
peratures, increased agitation during development and stronger develop
ing solutions also increase gamma. With longer developing time, a steeper 
gamma is obtained, while the gradient will be more gentle when the 
developing time is shortened. This effect is particularly noticeable with 
true fine-grain developers. The strongest decrease in slope can be ob
tained with so-called compensating developers, which yield only low 
density in the highlights. This means that the "compensation" consists in 
a damping of the highlights which thus remain printable. 

The Galllllla of IIllniature negatives 

As mentioned above, experience has shown that miniature negatives en
large most satisfactorily when the gamma is less than 1. A gamma of 
0.75 to 0.8 has been found most suitable, which means that the contrast 
of the negative is decidedly less than the contrasts in the original itself. *) 

Galllllla and the "printability" of a negative 

The photographer is judged by his prints and not by his negatives. In 
view of the fact that a transparent image, say, a negative has a much 
greater brightness range than an image represented on paper it is obvious 
that the more contrasty parts of a negative cannot be printed on paper 
in such a way that the full range of tones is reproduced. The brightness 
range of an image on paper is so small that only the half-tones and the 
shadows, or the half-tones and the highlights or even the half-tones alone 
(with a mere suggestion of the highlights and shadows) can be repro
duced by contact printing or enlarging. Two facts can be deduced from 
this: 

Firstly: A full-scale print reproducing the full range of tones from white 
to black can only bear a limited resemblance to reality .. Two factors 
condition the representation of the brightness range of reality. The first 

*) This low ~amma applies however only to enlargers with condensers whim give more 
brilliance. 



occurs when the image is recorded on the negative. (The eye can 
distinguish differences in brightness of 1 : 5,000,000; the negative reduces 
them to about 1 : 1000). The second restriction occurs when printing the 
negative on paper. The brightness range ultimately reproduced is some
where in the region of 1 : 30. 

Secondly: This means that photography is essentially concerned with the 
problem of gamma, as the struggle for "printability" takes place during 
the development of the negative. In miniature developing, the commercial 
fine-grain developers usually produce a suitable gamma. If occasionally the 
negatives have become too contrasty, the emulsion in question may itself 
have been more contrasty inherently than it was supposed to be, but 
usually it is due to over-development. 

GaJUJUa and the speed rating 

The speed of a plate or film is not so definite and easily measurable as 
the speed of a train or the volume of a pint of water. What part of the 
curve should be taken as a measure of the emulsion speed? Unfortunately 
neither the scientists nor the film manufacturers agree on this point. 
It is impossible to give scientifically exact equivalents for the various 
systems. There are the German DIN-degrees which are widely used all 
over Europe, whereas the English speaking countries prefer the B.S.I. 
and the A.S.A. Exposure Indices of the British Standards Institution and 
the American Standards Association respectively. Owing to the fact that 
the Weston exposure meter is widely used all over the world, many photo
graphers rely exclusively on the Weston rating of the film speed. 

The DIN-rating is based on the development to finality which produces 
the maximum density without any regard to gamma, that is to say, 
disregarding the production of an unprintably steep gradation. The 
American A.S.A. and the British B.S.I. ratings are based on the method of 
the minimum useful gradient, and as A.S.A.-speeds they are common In 
U.S.A. While the A.S.A.-speeds which are used exclusively in the U.S.A., 
convey the arithmetical exposure index, the British have chosen the 
logarithmic exposure index of what is basically the same speed test. 

Many manufacturers still give additional film ratings in the obsolete 
Scheiner degrees, and there are still lIford, H & D. and G. E. ratings. 

Returning to our own problems, we immediately become aware that we 
have no use for development to finality. Fine-grain development is a 
special process in which gamma is a primary consideration. What we 
want is a relatively low gamma, that is a rather soft gradation, a 
gamma below 1 and of about 0.8. The developers we must use are those 
yielding a relatively flat curve (such as compensating developers, if pos
sible in conjunction with fine-grain developers). This will, of course, lead 
to a loss of density, which for practical purposes, means that the exposure 
should be on the generous side. 

GradaHon 
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Exposure latitude 
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The brightness range of an image on white paper - from the brightest 
light to the darkest shadow - is about 1 : 30. The straight-line portion of 
our negative curve (on page 135) , however, shows a far greater range. The 
straight-line portion extends from 1 to 4 (corresponding to the natural 
figures 10 to 10,000). As the curve is represented logarithmically, the 
a ctual length of the straight.:.line portion can be arrived at by deducting 
1 from 4 = 3 (corresponding to the natural figure 1000). Supposing the 
subject contrast *) is 1: 30, then the exposure latitude - theoretically 
derived from the curve - will be 1000 : 30 = 33.3. In other words, the 
exposure latitude will be 1 : 33 and it is immaterial, as far as the final 
picture is concerned, whether it is exposed for lito second or 31/3 seconds, 
except that the longer exposed negative would be considerably fogged 
although all the details of the image would be represented under the fog. 
There are negative materials which have a much smaller exposure latitude 
and others with considerably more. ~ith most modern negative materials, 
the upper limit of useful exposure latitude is determined by other factors 
such as increased granularity etc. This latitude is obtained by coating a 
slow emulsion, acting as a damper against too strong light effects, beneath 
the high-speed emulsion. 

These double-coated films with their extreme exposure latitude have in 
recent years been subject to adverse criticism. Firstly, there is hardly 
a photographer who over-exposes his films to such an extent. Secondly, 
a film which carries two emulsions, one on top of the other, does not 
yield quite so sharp a picture as can be obtained with thinner-coated 
materials; it impairs the resolving power of the modern lens. In view of 
the necessity for enlarging miniature negatives, any lack of definition is 
fatal , and for this reason the emulsion experts have repentantly returned 
to thin-layer films. 

Finally, let us consider what happens in the case of under- and over
exposure or, more correctly, what should happen according to the character 
of the curve. Over-exposure: if the over-exposure is exaggerated so that 
parts of the image lie in the portion of the curve above (c), the "Region 
of Over-Exposure'" the contrasts are flattened. Consequently, over-exposure 
not only produces a dense fog, but also a definite flattening of the contrast. 

Under-exposure: If portions of the image (the shadow details) lie in the 
portion (a) - (b) , the shadows will be deficient in detail. Exposure should 
therefore be so calculated that even the most delicate shadows do not fall 
into the toe of the curve, i. e. it is better to over-expose slightly than to 
under-expose. It is obvious that the old photographers were not so far in 
the wrong in giving preference to ~lightly fogged negatives, for this fog is 
evidence that the shadow details are not in the toe but in the straight-line 
portion of the curve. 

*) If the subject contrast is smaller the exposure latitude will be correspondingly greater ; 
however , usually the subject contrast is much greater than 1 : 30. 
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Enlarging 

Enlarging 

The FundoJDentals 

Having dealt with the process of making contact prints on page 79, the 
process of enlarging remains to be explained. There is little difference 
between the two processes, the chief one being that of exposing the 
sensitive paper. Enlarging resembles cinematographic projection in that 
the picture is projected on to the sensitive paper. However, while in the 
cinema a positive image is projected on to the screen, in enlarging it is 
a negative image. As in a movie-projector lamp, negative and lens are 
arranged one behind the other. Naturally there must be a lens, for other
wise there would be no projection, but only a diffused illumination of 
the negative. There are four types of enlargers, the distinguishing feature 
being the method of illumination, giving either a hard or a soft light 
and consequently soft or hard enlargements. 

1) The softest illumination, which should be used only for negatives with 
high contrasts is: opal bulb + opal glass sheet. 2) A more brilliant light 
is emitted by: opal bulb + single condenser lens (this type is very po
pular nowadays). 3) The most brillant illumination is obtained either 
with an opal bulb + double condenser or (still brighter and more 
punctiform) a special projection lamp + double condenser. 4) The latest 
and extremely convenient illumination is by using so-called "cold light", 
fluorescent lamps which need only a very small lamphouse and give cool, 
evenly distributed light. 

The enlargers of the type No.3 reproduce not only the highest contrasts 
but also all the small blemishes within the emulsion and, of course, the 
grain. The relatively delicate negatives obtained with fine-grain deve
lopers call for enlargers of the types No. 2 and 4. Any of these types 
may be adapted for horizontal or vertical projection, although the ver
tical type saves much space in the darkroom and has almost supplanted 
the horizontal enlarger. The simplest enlarger consists of an illuminating 
attachment fixed to the focusing screen of a quarter plate camera, such 
as the Linhof. The superior types of modern enlargers, for amateurs as 
well as for professionals, are carefully designed precision instruments, 
which In many cases even include automatically controlled focusing for 
every image scale. 

The cold cathode tubes or gas discharge tubes, which have developed 
rapidly in recent years, are bent in to the form of a grid which gives a 
diffused light with all its advantages. With these cool-light units, almost 
every enlarger can be converted to a "cold-light enlarger". They consume 
about 80 to 120 watts. 
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However, not all enlargers are perfect, and even well designed instru
ments have their weak points, the worst of them being that many 



enlargers are not light-tight. Modern enlarging ~ especially that of color 
pictures, calls for an enlarger which emits light only through the enlarg
ing lens. Only too many enlargers fall short of this ideal and have to be 
wrapped in cloths to eliminate the stray light. 

A very important point to consider is that the focal length of the con
denser should be approximately one half of the focal length of the 
enlarging lens, and the focal length of the latter should be approximately 
equal to that of the lens with which the negative was taken. 

Darkroo:m. Illu:m.ination 

Enlarging 

When enlargements tend to be grey and flat in tone this is usually due The dar k
to the darkroom illumination being unsatisfactory from a photographic room should 
point of view. The root of the trouble is the red light, which makes it be b rig h t 
difficult to see anything and gives a false visual impression of contrasts 
actually nonexistent. Two other causes of unsatisfactory enlargements are 
the stray light emitted by the enlarger~ and that within the enlarger, 
itself, if the portion of the negative to be enlarged has not been thoroughly 
masked. The light must only pass through that portion of the negative 
which has to be enlarged ~ and everything else must be covered by a mask' 
of black paper. To obtain the best enlargements, it is advisable to work 
with a bright, indirect yellow-green safelight such as the Agfa Safelight 
No. 113 D~ or the Kodak OA-safelight~ or Ansco No.4 - 6 or Ilford safe-
light No. 902 S. These safelights, in one of the commercial darkroom lamps, 
give the maximum brightness consistent with the safety of the particular 
sensitive materials with which they are intended to be used. As a rule, the 
bulb used in a darkroom lamp should be of as low a power as possible. 
For direct lighting a 15 watt bulb is most suitable; while for the indirect 
method, e. g. by reflection from a wall or the ceiling~ a 25 - 40 watts bulb 
may be more useful. 

Orange or red light, which was formerly frequently used, is quite safe 
from the photographical point of view, but is extremely deceiving with 
regard to the contrast obtained in an enlargement. The modern yellow
green filters are not only pleasant to the eyes, but enable the photo
grapher to judge the exact density and contrast of the image as it deve
lops. For obvious reasons the tray in which the enlargement is being 
developed should be covered with cardboard which should be lifted 
only for control purposes. This little gadget helps to keep the highlights 
and whites clean. 

Bro:m.ide Papers 

The bromide referred to is the same compound of silver as that used 
in plates and films. The sensitivity to light of bromide papers is higher 
than that of chloro-bromide or contact papers. There are also very fine 
chloro-bromide papers which can be used for enlargements. 

In order to be able to enlarge a motley batch of soft and thin or hard 
and contrasty negatives, it is essential to keep enlarging papers of dif-
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Agfa V arioscop 60 for black-and-white and 
color. Pre ci sion enlarge r , fully automatic 
focu sing , inte rchang e able coated lense s, for 
negatives from 24 x 36 mm to 21/4 x 3 1/4 in . 
Miniature siz e 2- 13 x linear and 21/4 x 31/4 in . 
size 1.6-6 x line ar. Univer sal negative-carrier. 

Wasp Junior de-Lu x e for n egative s 35 mm 
to 21/4 x 21/4 in . Swings horizontally for 
projection. Doubl e 3 1/ 2 in. condenser , opti. 
cally worked. Focusing by friction roller , 
d ev oid of back-lash. Takes most s tandard 
lense s. Glass negative carrie r. 

ferent grades of contrast, viz. "normal" for normal negatives, "soft" for 
contrasty negatives and "hard" for soft negatives. Most papers are avail
able in five degrees of contrast from 'extra soft' to 'ultra hard'. While 
the contrast of a negative is controlled by the time of development, 
prints and enlargements are judged by the silver deposit on the surface 
of the paper, that is, by something to look at and not through. Thus the 
character of the enlarging paper determines the contrast of the enlarge
ment. 

Working Methods 

Bromide paper is exposed, developed, fixed and washed in the same way 
as the contact print (see page 79). If a so-called masking frame is used 
to hold the paper during exposure, the enlargement will have a clean, 
white margin. When using bromid_e papers, far stricter standards must 
be observed with regard to exposure than when using contact papers. 
Bromide papers are about fifty times as fast as contact papers and must 
be exposed correctly. Unnecessary waste of paper due to incorrect expo
sures can be minimized by the following method: 3 or 4 narrow strips 

144 



Kodak Aut%cus Enlarger, Model E, with 
fully automatic focusing for all negative!! 
up to 5 x 7 in. Magnification from 11/2 x to 
4 x with image scale indicator. Smooth up 
and down movement counter-balanced by a 
weight. Four masking slides operated out
side the enlarger. Table space necessary 
only 29 in. square. Adjustable margin 
gauge, diffusing disc holder, scale illumina
tor. 500 watt Mazda lamp, memanical foot
switm, enlarging Ektanon 1: 4.5/7 1/ 2 in. 
lens. 

Leitz Focomat 1 c enlarger with fully auto
matic focusing from 2 x to 10 x linear and 
manual focusing for higher magnification. 
Strong column 31 1/2 in. long. 16 x 21 in. 
Baseboard incorporating locking memanism 
for masking frame position. Well ventilated 
lamphouse, illumination by 75 or 150 watt 
opal lamp. Optical condenser giving pres
sure to the film. Glassless negative carrier 
with guides for Leica format. Lens mount 
for Leitz Elmar 50 mm or special enlarging 
lens Focotar 50 mm. 

of the bromide paper used should be cut from a sheet and placed on the 
masking frame so that the most important parts of the negative are 
covered. Each strip is exposed separately for varying periods. These 
strips are then developed. After fixing it is easy to see which of the 
strips has been exposed correctly. The exposure time of the different 
strips should differ considerably, if the first test is to be successful 
(e. g. 10, 20, 40, 80 seconds etc.). 

There are also photometric methods of print control. The Kodak Print 
Exposure Meter or the Haynes Grey Scale help to establish the paper 
grade required by the density scale of the negative, the precise contrast 
of the negative and the correct exposure for each negative. The Kodak 
Enlarging Dataguide can be used to compute the new exposure time for 
any change in magnification or lens aperture. There are also electric 
printing exposure meters like the Spot-o-matic manufactured by Kinnard 
Company, Milwaukee, Wis. which gives exposure time, paper contrasts 
and tells whether negatives are over- or under-developed. 

Enlarging 
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The most popular developer for bromide papers is metol-hydroquinone 
in dilution 1 : 3 to 1 : 4. With this developer a correctly exposed image 
should "stand", that is, it should be fully developed in 2 to 3 minutes. 
Forced development is useless. Most bromide papers (provided they are 
not stale surplus material) may be left a few minutes longer in the 
developer to get a real "black" in the shadows. However, if prolonged 
development makes the enlargement too dark, it has been over-exposed. 
If a slightly prolonged development adds some vigor to the blacks but 
does not darken the whole print, the exposure was correct. 

Metol-hydroquinone developer is very efficient and not easily exhausted, 
but if the images begin to weaken and real blacks are unobtainable, a 
little concentrated developer should be added to re-activate the solution. 
If this developer is too cold it will never produce a handsome black. 
whereas if it is warmer than the usual 65 0 F (18 0 C) it acts more 
rapidly and may in some degree compensate for under-exposure but also 
tends to cause fog. 

A developer is not necessarily at its maximum efficiency when freshly 
mixed. Frequently it reaches this point only after a few drops of used 
developer have been added. Experienced photographers, never do work 
with a completely fresh developer, but always add a certain amount of 
used one. This is quite sound, according to recent research by Frotzschner, 
who found that it is the presence of oxidation products which causes 
the maximum efficiency of the developer and that this decreases again 
with increasing oxidation. For developing enlargements in black-brown or 
blue-black tones see page 160. 

The fixing, washing and drying processes are the same as for contact 
printing (see page 79). An acid fixing bath should always be used 
(formulae on page 96). The fresher the fixing bath, the more permanent 
the picture. The prints or enlargements must be agitated in the fixing 
bath as well as in the developer. If the prints lie one on top of the 
other, fixing will be imperfect. When using rapid fixing baths for fixing 
paper prints, these must not be left longer than the instructions re
commend, otherwise the prints will be bleached considerably. For test for 
efficiency of used fixing bath see page 96. 

If double-weight paper is used, washing should be done thoroughly in 
running water, since it is more difficult to remove the hypo from such 
thick-textured paper. The enlargements must not be allowed to pile up 
or stick together if every trace of hypo is to be removed. 
The finer points of enlargements from miniature negatives are discussed 
under "32 hints on enlarging", on page 151. 

VarIable Contrast Papers 

Variable contrast papers are more and more coming into their own. They 
have an emulsion which within one single grade of paper yields any grade 
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of contrast thus making it possible to obtain either prints of uniform 
quality from negatives of varying contrast or density, or to achieve a wider 
variety of contrasts from one negative. It is therefore possible to stock 
only one grade of paper. As the paper fogs under ordinary safelights, 
special safelights Ilford S-902, Du Pont S-.55 must be used. These papers, 
of which Varigam is the oldest and best known, are used with a set of 
10 filters put out by Du Pont. Exposure to blue light gives a print of hard 
gradation, exposure to yellow light gives a print of soft gradation. Various 
filters , one after the other, can be used on the same negative and the 
contrast can thus be adjusted. Varigam without filter has a relative speed 
value of 30, with filter of 13. High speed Varigam without filter has a 
relative speed value of 105, with filter 45. If it is not convenient to use 
filters for specific negatives, a piece of undeveloped film can be soaked in 
hypo and thus cleared. Household dyes, like Tintex, Rit or food colors 
can then be applied to the cleared film. Brilliant Yellow gives No.1 Vari
gam filter, Tintex Old Rose No.5 and three part of Cocktail Blue and one 
part of Fuchsia No. 10. The dyes are best dissolved in a slightly acid (5 0/0) 
solution and then painted on to the film with a fine brush. Thus contrast 
in the various areas of the same negative can either be reduced or in
creased. Grant Photo Products of Cleveland, Ohio make a variable contrast 
paper called Multigam. Its photographic speed is about the same as Vari
gam, but it has a wider gradation range and goes one or two steps softer 
than Varigam. Varaloid by Haloid comes in two speeds and various sur
faces. Multigrade, manufactured by Ilford is used with a set of three 
yellow filters of increasing depth - the more yellow the light the harder 
th print - thus providing the equivalent of four well-spaced contrast 
grades. The 'No filter' exposure for Multigrade paper is twice that required 
for No.1 grade Bromide paper. For the equivalent of No.2 grade Bromide 
use low contrast filter and the exposure is x 4. For the equivalent of No.3 
grade Bromide use medium contrast filter and the exposure is x 5. For the 
equivalent of No.4 grade Bromide use high contrast filter and exposure 
is x 6. 

Toning Process 

Instead of th'e foul smelling toning solutions contaInIng sodium. sulfide 
(not sodium sulfite), use should be made of the various proprietary 
toners for bromide papers now on the market. If sodium sulfide 
toners are used, however, it should not be carried out near any unexposed 
sensitive materials, and the solutions should be poured down the drain 
immediately after use. Toning is used to change the image color in order 
to suggest more strongly the atmosphere and character of the subject 
(blue for seascapes e~.). All this can nowadays be achieved by develop
ment, so, why employ toning at all? There is no doubt that not only 
eminent photographers, but also the more discriminating amateurs habit
ually avoid toning processes as far as possible. Development of an enlarge-
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ment to whichever tone you like is far more pleasing and provides more 
attra ctive and permanent results (see page 160). 

Odorless sulphur toning 

The image is first toned for 5 minutes In: 

1000 cc (32 oz.) water, 
20 cc (0.6 oz.) 10 % thiocarbamide solution, 
25 cc (0.75 oz. ) Sodium carbonate 8 % solution. 

I t is then bleached in: -

1000 cc (32 oz.) water, 
35 grams (1 oz. 75 grains) potassium ferricyanide , 
12 grams (180 grains) potassium bromide, 
80 cc (2.4 oz.) ammonIa. 

This is followed by a short rinsing and a further toning In the thio
carbamide bath quoted above. 
The complicated nature of the process rather restricts its popular 
adoption. 

The Question of Glazing 

To get a higher gloss on glossy surfaced printing and enlarging papers, 
they may be squeegeed on a prepared glass or chromium-plated glazing 
sheet. A perfect mirror-like gloss, besides being attractive, is a valuable 
adjunct, since glossy papers produce the best possible prints from any 
negative and provide a really deep black. It is for this reason that glossy 
prints are always required for newspaper reproductions. 

The success of getting perfectly glazed prints depends upon the use of 
papers with a glossy surface, and on scrupulously clean chromium or glass 
plates. Old, stale glossy papers are very difficult to glaze properly be
cause the emulsion has hardened. A proper gloss can be obtained by 
two methods: The first is by the use of a print-dryer and glazer, which 
are now available at moderate prices. These dryers are heated electrically 
and the glaze produced on the glossy surface of the print is produced 
by a chromium-plated metal plate. It is advisable to place the prints in 
one of the commercial glazing solutions a few minutes before they are 
transferred to the dryer. This extra process, and also the glazing solu
tion can be dispensed with, however, if the following method is adopted. 
After the chromium plate has been thoroughly cleaned, first with a pad 
of cotton wool moistened with methylated spirit, and then with a dry 
pad, the carefully washed prints are placed in a final wash water to 
which a few drops of a wetting agent have been adde"d. Dripping wet (!) , 
they are then transferred to the chromium plate. The plate is first stood 
on end, and the pictures are pressed down so as to force the liquid 
downwards, thus preventing the formation of air-bubbles. The plate, with 
print adhering, is then placed upon a smooth, level table top and a 
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roller squeegee passed over the back of the picture. If there is any 
water still left on the plate it should be removed with a soft chamois 
leather. As all this is rather a damp process, the chromium plate should 
be placed on a towel. 

Prints on single weight papers take about 4 minutes to dry, double 
weight papers sometimes take 10 to 12 minutes according to the print
dryer used. The drying times vary slightly with local conditions. Crack
ling noises indicate that the prints will soon be dry and peel off from 
the plate. If the print dryer is used for a whole batch of pictures, it 
should be switched off while a fresh chromium plate is loaded, in order 
to prevent over-heating. On the other hand the dryer must be switched 
on before the plate is inserted, as the prints will not dry in the stated 
time when starting from cold. 

The second, less expensive but slower, method of glazing is to squeegee 
the prints on to a stout glass plate that is free from any surface blemishes. 
The plate must be cleaned first with hot water and then with a few drops 
of methylated spirit. Polishing is done with a soft rag or a chamois leather 
moistened with a trace of glazing solution. When the plate is thoroughly 
clean and dry, the prints are placed on the glass in the same way as above, 
but they should be immersed in either a bath of pure methylated spirit or 
wetting agent before being transferred "dripping wet" to the glass plate. 
When all the prints are placed on the plate, a smooth, damp towel or a 
few layers of white blotting paper are applied to remove the excess 
liquid. The towel or blotting paper is then removed and a roller squee
gee is passed over each of the uncovered prints in turn. The glass plate 
should then be dabbed dry with the towel and set up in a room where 
the prints can dry slowly. By examining the glass plate from the 
back (the image side) it is possible to ascertain whether the surfaces of 
the prints are free from air-bubbles. When dry, the pictures should peel 
off automatically. If they don't, they may be drawn off diagonally by 
one corner. If they have dryed too rapidly around the edges the center 
will still be damp and the print will show the notorious oystershell 
marks. However, glazing has its peculiarities, and the most comprehensive 
instructions meticulously executed in one country or even part of the 
country may be quite useless to anyone operating in a different part of 
the country or using another sort of paper. 

There are many countries where photographers have to take varying 
degrees of trouble with glazing, which are completely unknown in other 
countries. Good glazing depends upon the water used for washing. Finest 
dust, chlorine, minute particles of iron and lead from the pipes may affect 
glazing considerably. These very fine particles or gas-bells prevent the 
print making complete contact with the glazing plate. Sometimes these 
particles can be removed by wiping the print with a pad of cotton wool 
under water, but not always. Dust and gas-bells from the water stick to the 
gelatine and are difficult to remove since they are invisible to the eye. The 
only remedy is to filter the washing water and to ensure that the prints do 
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not wash longer than one hour in filtered running water. There are cheap 
and effective filters on the market. These can be simply clipped to the 
tap (faucet). 

Midget Aqualab (Automatic Steam Products, New York) is a water 
demineralizer which produces mineral free water from ordinary tap water. 
The effective element is an ion-exchange resin inside the container; it can 
be used repeatedly until a color change indicates the need of a replacement. 

It is a good plan to use a .glazing solution ("Bango" [The Vanguard 
Mfg. Co., Maidenhead, England] , Kodak, Edwals, Ansco). A ferrotype 
polish can be made up by dissolving 0.7 grams (10 grains) of paraffin and 
32 cc (1 oz.) of carbon tetrachloride. Dip a sponge in the solution and rub 
this well on to the chromium or glass plate, leaving a small pool of the 
solution on the plate. Place the dripping wet print in position, cover it 
with a sheet of clean blotting paper, and cover this with a towel or a few 
sheets of newspaper. With the roller squeegee go up and down and also 
across and back. The lightest possible application of the squeegee will 
ensure absolute contact. So many glazing operations fail because too much 
pressure is used. One of the secrets of successful glazing is the light use 
of the squeegee. Take care not to lift the apron of the dryer before drying 
is complete. Small imperfections and pittings in the glaze are due to using 
unfiltered water, especially for the cleaning of the glazing plate. A poor 
overall glaze results when the prints are retained too long on the dryer 
when already dry, or when there is the slightest trace of grease on the 
plate. Prints and enlargements fixed in the same fixing bath as plates and 
films may show small, but visible imperfections. Glazing is a very individual 
business and all methods should be tried until the most suitable is found. 
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Thirty-two Hints 
on Enlarging froDl Miniature Negatives 

While it is a simple matter to secure a good print from a large-sized 
negative, the enlargement from a miniature negative calls for much 
greater care, experience and precision, and this has to begin with the ex
posur~ and developing of the negative as has been described previously. 

1. Enlarging is not the mere conversion of a small negative into a large 
photograph. Large pictures of eminent miniaturists are indeed more the 
result of a skilled enlarging technique than anything else. As a matter of 
fact an enlargement can be produced fro1n a mediocre negative of an 
amateur which would be the source of great surprise to the amateur him
self who could never have realized there was so much in it. It can 
safely be said that the real work of the miniaturist starts with enlarging. 
This applies not only to the miniature sizes 24 x 24 mm and 24 x 36 mm 
but also to the larger sizes up to 6 x 9 cm (21/4 x 31/4 in.). For the minia
turist, enlarging means the analysis and evaluation of the negative. 
Presuming that the negatives are technically good or at least passable 
and the subject tolerably attractive, it will pretty soon be obvious to 
the amateur that most negatives contain too much of a good thing. The 
problem to be solved is to find that portion of the negative that is really 
worth enlarging. 

In these days, fine grain films and fine-grain developers are available 
which allow for a 8 x 10 in. enlargement from a 24 x 36 mm negative which 
can in no way be distinguished from an enlargement of the same size 
made from a 31/2 x 43/4 in. negative. However, beyond the size 8 x 10 in., 
it becomes apparent what the miniature negative was really like. With 
this size (and larger), we have to examine the negative carefully to see 
whether the large uniform areas of the negatives are not only needle
sharp, and free of grain, but contain also the ntiddle tones which are 
so plentiful in larger sized negatives. Has the finished picture the obvious 
appearance of an "enlargement", or is it impossible to see that it is not 
a contact print? These valuable middle-tones can be preserved in three 
ways: 1) the negative should not be too thin and should possess inherent 
middle-tones. 2) By use of an ultra-fine grain developer (see page 92). 
3) By not enlarging to an exaggerated SIze, resulting in coarsening rather 
than enlarging. 

2. An enlargement of the whole negative is nothing but a large print 
obtained from a small negative and need not necessarily be a "picture". 
However, excellent pictures can be made from quite ordinary negatives 
if only a small portion of the negative possesses the essential pictorial 
value. By omitting unimportant or unwanted portions of the negative, 
very attractive enlargements can be secured, although their format may 
be quite different from that of the original negative. Thus a square 
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A mediocre 
negative may 
yield excellent 
enlar g emen ts 

The actual 
definition of 
the negative 
is revealed 

Correcting 
diverging 
lines 
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How to co .... ect converging lines 

Correcting 
diverging 

lines 
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The masking frame containing the enlarging paper is tilted until the leaning buildings 
appear to have regained the perpendicular position. This causes unsharpness in all 
those parts of the picture which deviate from the horizontal. Stopping down the lens 
eliminates this fault. If the lines converge to a marked degree , tilting of the masking frame 
will not be sufficient, it will then be necessary to tilt the negative carrier also, and this is 
possible only with the latest models of enlargers. photo Carlheinz Albrand. 

negative may give vertical or horizontal pictures and a rectangular min
iature negative square ones. Enlargements can be made to correct dis
tortions in the negative, e. g. "converging lines" in architectural objects, 
where the buildings appear to lean backwards. These can be corrected to 
a certain degree by tilting the ma~king frame. This brings one part of the 
enlarging paper nearer to the negative than the other and causes unsharp
ness in part of the print. This can be eliminated by extensive stopping 
down of the enlarging lens. In modern enlargers the negative can also be 
tilted so making stopping down unnecessary. 



3. Every enlarger should be tested for the suitable illumination of the Is the 
negative. The negative must be evenly illuminated all over and by no enlarger in 
means should the corners be darkened. It is alsQ possible for one side working 
of the picture to be somewhat darker than the other. This means that order? 
the lamp is not correctly centered. Darkening towards the corners may 
also be caused by the use of an enlarging lens with too short a focal 
length, or by an incorrect distance between the lamp and the lens. 

To check the uniform illumination of the picture~ expose a sheet of How to 
bromide paper of normal speed at stop 1: 5.6~ but without a negative test it 
in the enlarger, for just long enough to create a medium dark grey. If 
this grey fog extends evenly over the whole sheet of paper it may be 
assumed that a uniform illumination is being obtained. 

Calculating 
4. When the image scale of the enlargement is increased~ that is to say, the magni
the degree of enlargement from the whole or a portion of the negative IS fication 
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The darlcroom 
should be 

bright 

How to 
enlarge hard 

negatives 

increased, the exposure has to be increased as well. The exposure factor 
can be calculated approximately as follows: 

(the larger dimension + 1) 2 

(the smaller dimension + 1) 2 

5. The safety lights Agfa 113 D, Kodak OA, Ansco No.4 - 6 and Ilford 
S 902 give a surprisingly bright light and should be used for lighting of the 
darkroom indirectly, especially when the walls of the darkroom are painted 
in a light color. Almost all modern enlarging lenses are now coated and 
have click-stops. As coating the lens increases its light transmission and 
also partly or completely eliminates internal reflections, it is extremely 
useful in the enlarging practice and is essential for color enlargements. 

6. The most important factor affecting print quality is the selection of 
the correct grade of paper to suit the particular negative. While with 
negative emulsions almost any desired contrast can be obtained by vary
ing the developing time andlor temperature, little control of contrast 
can be obtained with papers. For this reason photographic papers are 
made in several gradations in order to allow the photographer to select 
the grade which suits the negative contrast. If a soft negative is printed 
on a normal paper it will appear to be grey and lacking in contrast while, 
on the other hand, a print on normal paper from a hard negative will be 
far too hard and contrasty. The varying degrees of contrast of modern 
papers have nothing to do with the wide range of . surfaces, color or 
paper weight. The selection of surface is a matter of taste and leaves 
the photographer the choice of producing the pictorial effect which he 
desires. The choice of the correct gradation, however, is a cogent neces
sity. As all the subtlety of gradation in a negative is hardly ever repro
duced in an enlargement, one has to find a paper gradation which gives 
as many of those tones as possible in the print. A rather rough guide for 
the selection of paper grades is this: Soft negative - normal or hard paper; 
normal negative - normal paper; hard negative - soft paper. But this is 
more for beginners, for every photographer making his own enlargements 
has to learn this selection by experience. 

However, there may be places where only one grade is available. It is said 
that in West Africa the very humid climate makes films and printing paper 
liable to perish. If a film shows considerable variations in contrast, which 
cannot all be reproduced on one grade of paper, the following method 
should be tried. If the questionable reduction with ammonium persulfate 
(page 98) is to be avoided, the well-exposed enlargement should be 
immersed for about 30 to 60 seconds in a 1 °/0 solution of potassium bi
chromate, rinsed for 2 minutes in -running water and then developed. This 
so-called Sterry process (after John Sterry) is capable of producing a 
marked softening of gradation. The strength of the bichromate bath can 
be adjusted to suit the reduction in contrast required (see page 243). See 
also the compensating paper developer on page 161 (19). 
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"THE BEARD" 

Photography is a "serious" hobby. Yet we should never forget that the 
camera will help us to see the cheerful side of life also and to share a 
joke with others. Take the following series as an example. 

Strolling about leisurely after bathing, someone discovered a bunch of 
roots resembling a beard. Let's see what happened. 

There was an Eastern touch 
about that beard. 

A handkerchief formed a 
turban. 

On goes the beard. 



All secure! Or - ? 

Another shot at securing the beard. 



lust a minute -

- Moses, by Michael Angelo! 
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A focusing 
negative 

7. Sometimes certain shadow parts of the negative appear too heavy and 
dark in a print. The printing of these shadows can easily be controlled 
by holding back during the exposure by means of the hand (when the 
adverse shadows are near the edges) or with so-called 'dodgers" which 
are suitably formed pieces of cardboard, cellophane or metal attached to 
wire handles. These dodgers can be home-made, or bought from your photo 
dealer. They are held from between 2 to 3 inches above the print and 
slowly moved about over the shadow portion as a dog wags its tail. This 
is why the Germans call the operation "wagging". 

8. The majority of normal subjects will print excellently on a paper of 
medium, slightly soft contrast (normal). However, the negative must also 
be "normal". If a negative is a little on the -contrasty side it is advisable 
to print it on a soft paper. This is much better than printing too thin 
negatives on a hard paper. The softer the paper, the less grain is shown. 

9. Accurate focusing is, of course, a vital necessity and can be achieved 
successfully in the following way: when the portion of the negative and 
the degree of enlargement have been decided upon the picture is focused 
to an apparent sharpness. Then the negative is replaced by a test or 
focusing negative which can be bought very cheaply and with whicl1 it is 
easy to obtain the highest possible definition. Then the focusing negative 
is replaced by the negative to be enlarged. This is a little wearisome but 
it ensures the necessary sharp definition. 

Too short ex- 10. The speed of bromide paper is, of course, much slower than that of 
posure tiTnes a film, although it is fast enough to permit short exposure times (6 to 

are 15 seconds). Too fast a paper would result in exposure times too short 
inconvenient to be accurately timed. If the negative is very thin or the enlarging lamp 
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very bright simply reduce the stop of the lens, or, if this has no diaphragm 
at all, use a yellow filter in front of the lens. 

II. If there are many negatives to be enlarged or a number of enlarge
ments has to be made from one negative, the work can be accelerated 
when the developed prints are not immediately placed in the acid fixing 
bath but are immersed in a 1 - 2 % solution of glacial acetic acid or a 
4 % solution of sodium metabisulfite. Here the developing process stops 
immediately, and the pictures may be left until there are several to go 
into the fixing bath at once. The unfixed enlargements, however, must not 
be unduly exposed to air, otherwise staining will result. 

12. If this acid or ~~stop-bath" is too strong or the fixing bath contains 
too much acid it may result in the paper base not being sufficiently 
washed, so that the permanence of the picture will be reduced. The high
lights in particular may become yellow, sometimes not at once but after 
a few years. To shorten the washing time and to eliminate the hypo comp
letely, it is a good plan to use a solution of 1 % sodium carbonate anhydr. 
after fixing for 2 to 3 minutes, and to follow this with washing. Which ever 
bath is used, the prints must not be allowed to stick together if every 
trace of hypo is to be removed. 

13. For further information about the tendency of hard papers to give 
a flaky mottled appearance, see page 259 "Testing photographic material". 

14. There are a few papers which tend to increase their contrast and 
density while in the fixing bath. Some of them are re-inforced to a con
siderable degree, others to a lesser extent. Trouble arising from this rather 
peculiar occurence is easily avoided with the yellow-green safelight. Orange 
or red light is of advantage only to the paper manufacturer, on account 
of the waste of paper with the use of this type of light. 

15. About the treatment of scratched and dirty negatives see hint 33 on 
page 119. Badly scratched negatives should be dealt with in the following 
way: After a thorough cleansing as explained on page 119, hint 33, the 
negative strip should be drawn through a medium such as "Repolisan", 
"Resistol Scratch Remover" or one of the negative scratch removers of 
Alden Manufacturing Co., Kodak or Inventions Incorporated. Long film
strips should be cut up in lengths of about 12 inches (30 cm). Drying should 
be done, hanging perpendicularly, in a dustfree room, with a weight at the 
end of the film. The scratch removers usually fill up the scratches in the 
emulsion thus causing them to disappear. Beware of dust when treating 
the film with a scratch remover. 

An inter
mediate bath 
of glacial 
acetic acid 

A soda bath 

Avoid waste 
of paper 

Scratched 
negatives 

16. A further awkward fault, against which there is hardly any reliable Those 
protection are those strange, ring-like markings which may be found in an Newton's 
enlargement and which are just as likely to appear on a perfectly clean Rings 
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Newton's 
Rings 

and faultless negative as on any other. It is the interference effect ariSIng 
from close, but not quite perfect contact between two surfaces, generally 
called "Newton's Rings". They occur frequently in the enlarging process 

when the glass plate in the film carrier holding the film makes imperfect 
contact with part of the film. The effect is most easily produced when 
the curve of the film is so slight ~s to be scarcely visible. It is also 
possible for this phenomenon to appear in a film one day, but to be 
absent on the next. The plain celluloid back of the perforated miniature 
film is particularly prone to this trouble. The drier the negative, the 
sooner the curling (along the width) will arise. There are only two re
medies: either all contact between the film and the glass must be pre
vented by inserting a black mask between glass and film, or else it must 
he immersed before drying in a 3 % bath of glycerine. When it is dry 
(not parched), it is rolled up in the opposite direction (emulsion outside) 
and left for 24 hours. It is then cut to shorter pieces (1 foot = 30 cm) 
and kept under pressure. Very old films can be made to lose their tension 
by storing them in humid air (unrolled, of course) or by holding them 
over a steaming kettle. 

An attractive 17. An enlarging paper of special merit is the German Mimosa-Gravura
enlarging Carbon paper. The Belgian Gevaluxe paper belongs to the same class. 

paper Both papers give excellent enlargements with deep black velvety shadows. 
They have a surface apparently consisting of very fine, hairlike fibers 
almost resembling the pile of velvet. This surface is rather vulnerable 
to injuries. It also tends to cause air bubbles in the developer, but these 
can easily be removed with a fine brush. 

Blue-black 18. A beautiful blue-black tone (on white papers only, not on cream 
image tone surfaces) can be produced by using special developers which are made 

commercially, or can be made up by adding "Broviol" by Fesago G.m.h.H. 
to any metol-hydroquinone developer. Blue-black tones can also be 
obtained by using the Amidol forD)ula on page 87. Stronger blacks can be 
obtained by using a solution of 60 grams (2 oz.) of sodium carbonate in 
1,000 cc (32 oz.) of water. If 100 cc (3 oz.) to 200 cc (6.4 oz.) and some
times 2.50 cc (8 oz.) of this solution is added to the developer, stronger and 
richer blacks in the printing papers are being obtained. 
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19. Bromide papers can also be developed to give a warm black tone. 
The pyrocatechol formula on page 88 is very suitable for such tones, if 
made up in the following way: 200 cc water + 5 cc solution A + 5 cc 
solution B + 10 drops of potassium bromide (10 0/0). This developer re
quires a somewhat contrasty paper, the imag.e appears rather slowly and 
gains the necessary strength only after some time. The working solution 
is quickly exhausted. This developer is excellent for the development of 
enlargements from very hard negatives. 

20. Dust is the photographer's worst enemy, especially when enlarging. 
There is always the ubiquitous dust that manages to settle everywhere 
and to penetrate the smallest nooks and crannies. Many a good photo
gl-apher finds inexplicable pinholes in his negatives and imperfections on 
his prints. It is these awkward "tiny nothings" which we enlarge and which, 
grossly magnified, make careful retouching necessary. There are a few 
remedies such as the Anti-Static Polish No.3 by Plastics Ltd. (I.C.I.) and 
the Anti-Static Cloth in England, the Static-Master by Nuclear-Products 
Co. in D :S.A., and the very efficient Anti-Static-Paste by Faber in Germany. 

An enlarger is an optical device very similar to a camera, but even when 
it has been used and cleaned continually, it is certain to have collected 

The principle of the soft focus effect: 

The contours of a source of light are surrounded by a kind of halo but 
the outline of the grain remains more or less sharp according to the 
type of accessory used (a piece of material, a Duto disc, etc.). In addit
ion, the waves of light coming from the source suppress the very finest 
details (shown as tiny spots in the left-hand figure) either wholly or in 
part. Thus, accessories of the type mentioned are suitable for minimizing 
the grain when enlarging coarse grained miniature negatives. In any 
case a certain amount of practical experience is needed to prevent the 
shadows from spreading into the high-lights. 

The pictures on page 162 show the method whereby miniature portraits 
may be diffused during exposure. 

Enlarging Hints 
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Portion of a coarse-grain Leica enlargement (12 x 16 in.). The illustration 
below shows how the grain can be greatly suppressed by means of a 
piece of fine mesh black tulle (or e. g. a Duto lens). The amazing effect 
cannot be reproduced in print. Photo Windisch. 
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dust. Films, plates, condensers, opal diffusers, film-carriers etc., in short 
everything made of glass, plastic or celluloid will be charged with static 
electricity. The more the enlarger is cleaned, dusted and wiped, the 
stronger will be the static electricity charge which attracts the dust 

just as a magnet attracts iron filings. This is where these pastes such 
as the I.C.I. anti-static polish No. 3 or the Faber Antistatic Paste are 
extremely helpful. They actually prevent static electricity and allow 
dustfree working in the enlarging room. The application of these pastes 
is simple, their effectiveness truly astonishing. When cleaning the enlarger, 
take a small piece of chamois leather with a tiny spot of one of these 
pastes, and wipe the different parts, such as lenses, film-carriers and 
glass plates with it. Be careful not to overdo it for a very thin, invisible 
layer is quite sufficient. All parts treated in this way will lose their 
static electricity, not only for a few minutes but for a very long time, 
sometimes even for good. Even the back of a film can be treated with 
these pastes. Naturally the paste must not be smeared on to the emul
sion side. It is quite sufficient to wipe the back of the film with a 
clean linen rag and very little paste.' The operative word is "little": the 
paste should be absolutely invisible on the film. - The Static-Master (see 
page 161) is a new tool that destroys surface static electricity. It is 
a brush with a Polonium strip which removes dust and lint with one 
simultaneous brushing action. By this neutralizing action, dust can be 
eliminated from negatives, film holders, enlargers and lenses. The English 
Zodel Antistatic Cloth is a piece of cloth (8 in. X 6 in.) which contains 
properties of a similar kind to the pastes for cleaning the enlarger parts. 

21. The grain in a coarse grained negative can be reduced to a certain Reducing 
extent by softening. A diffusion disc like Pictrol (Craftsmen Guild of gra~n~ness 

Hollywood, Cal.) or a piece of tulle or chiffon can be placed in front of 
the enlarger lens (if desirable, for part of the exposure only). This kind 
of softening is not equivalent to the soft-focus effect obtained at the time 
of making the negative. The method should be used with discretion, that 
is to say, only to such an extent that the grain is sufficiently disguised, 
otherwise the sharp outlines are lost and the shadows spread into the 
high lights. 

22. Coarse graIn can also be reduced by placing a sheet of ground
glass of equal size as the paper on the enlarging paper (the ground side 
on the emulsion). The very finely etched ground-glass only should be used. 
A very effective method of supressing coarse grain is to use an enlarging 
paper with a rough surface. 

23. The editors of photographic journals usually complain that amateur Flat, 
enlargements are grey, flat and lacking in brilliance. Pictures for repro- grey prints 
duction in print, however, should be not only sharp but also decidedly 
brilliant and truly black in the shadows. 
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Restoring 
brilliance 

Lack of brilliance is frequently due to the employment of red or orange 
light in the darkroom and to stray light emitted by the enlarger. 
Negatives which are not carefully masked will also transmit scattered 
light. Flat enlargements showing insufficient density in the shadows will 
be the result of scattered light, or of too soft a paper unsuited to the 
particular negative. A frequent fault is over-exposure and under-develop
ment, and also the use of worn out developer. If a very old paper which has 
passed its heyday (surplus material) is used, some developer improver 
(Johnson's "142", Kodak "Anti-Fog No.1" or P.A.C. Latitol) should be 
added to the developer. These chemicals eliminate chemical fogging. 
When these improvers are used the exposure time should be slightly 
increased. 

24. Semi-matte and matte papers frequently lose some of their brilliance 
when they are dry. The brilliance can be restored by slightly rubbing 
them with "Megilp'" a preparation made by the dye factory Winsor & 
Newton, with "Lustralene" made by Vanguard Mfg. Co., Maidenhead, 
England or by coating the print with ~ax or lacquer, such as Kodak Print 
Lustre. 

25. In a perfectly fresh fixing bath, a print can be fully fixed within 
half a minute. As the fixing bath in an amateur's darkroom is not always 
perfectly fresh and as the amateur generally fixes a pile of prints at the 
same time, the fixing time must be increased (see page 76). Many amateurs 
leave their prints in the fixing bath without taking heed of the fixing 
time, and also without keeping the pictures in motion. The prints must 
be kept moving for 10 minutes, and a high degree of agitation is essential 
in the early stages of fixing. Rapid fixing baths of the new type of 
ammonium-thiosulfate fixers are excellent (Johnson "Solfix'\ May and 
Baker "Amfix", Kodak, Edwal, Hauff, Perutz, Mallinckrodt rapid acid 
fixing powders). However, extended fixing time may cause a reduction in 
the highlights of the print. Prints should not be fixed in fixing baths which 
are used for negatives. Keep a special fixing bath for papers only, because 
imperfect glazing is frequently the result of fixing in a bath in which 
negatives have been previously fixed. 

26. The toning of enlargements (see page 147) is a p~ocess of dubious 
value. If toning must be done it is best to use proprietary toning solut
ions. (Agfa Viradon, I{odak Selenium Toner, Edwal.) 

If warm brown tones are desired warm-tone development should be 
given preference to toning. With modern color formers all kinds of 
color can be obtained during developing. These color developers can 
be used on many papers, but not ~ll. Almost all chloronromide papers are 
especially suitable for this process. The Focal Colortone Outfit (Photo
Synthetics Co., Epsom, Surrey) enables the photographer to produce what 
is virtually an unlimited range of colors, either on bromide prints or 
transparencies. With suitable types of bromide and chlorobromide papers, 

164 



Enlarging Hints 

the color images may be produced by direct development. The exposed 
print is developed in the color developer which contains a suitable pro
portion of one or more color formers. A number of basic proportions 
for the production of a range of some 75 colors are given in the instruct
Ion leaflet. 

27. Before hanging up enlargements to dry, all superfluous water must 
be removed. This can be done with non-fluffy blotting paper or by 
putting the print on a flat surface and cautiously dabbing it with a 
damp piece of chamois leather. 

28. Papers with matte and rough surfaces can also be dried in a print 
dryer by placing the prints with the paper side on the glazing plate. 
However, rapid drying of prints may also be effected by the use of 
methylated spirit. Soak the prints in colorless methylated spirit for 
about 10 to 15 minutes and remove the superfluous spirit with a damp 
chamois leather. The prints will be dry in a very short time. 

29. For particulars of glazing, see page 148. - Highly glazed enlarge
ments are rather difficult to retouch; in fact retouching of glazed pic
tures used to be an unsolved problem. Water colors mixed with gum 
arabic, often recommended, will be visible in the high gloss of the glazed 
print, while knifework and scraping leave marks which cannot be eliminat
ed even if the print is glazed again. Glossy prints can be retouched by 
Spotone (special) put out by the Retouch Methods Company in Chatham, 
N. J. Black opaque masking ink (art supplies stores) also can be used 
for spotting a glossy surface. The German firm of Gunther Wagner, Han
nover, have developed certain dyes which permit retouching of glazed 
prints. They are called "Pelikan Eiweiss Lazurfarbe Sorte 54" (Pelikan 
albuminous azure dye species 54). The solvent for this dye is the new 
"Pelikan High Gloss Thinning Agent" and finally there is a "Pelikan 
Fixing Solution for albuminous azure dyes". For particulars of the pro
cess, write to the firm at Hannover (Western Germany). 

so. To flatten dry prints which tend to curl up and get "cockled". This 
frequently occurs with single weight papers, therefore do not draw them 
over a sharp edge, but place them singly between slightly moistened sheets 
of paper, where they take up a little moisture again. They can then be 
pressed between two pieces of cardboard. A very simple press is a piece 
of plywood or thick cardboard placed over a pile of prints and a bucket 
full of water or sand on top to act as a weight. Prints dried in a print 
dryer will dry flat when given a little pressure by means of some 
books, etc. To overcome curling when drying, prints should be soaked 
for two minutes after washing in a solution consisting of one part glycerin 
to ten parts water. This procedure also adds depth and luster to the blacks. 
If the print still curls after it has dried, the back should be dampened 

Drying 

Drying with 
methylated 
spirit 

Spotting 
glazed prints 

Flattening 
prints 
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with a solution of 1 part glycerin to 3 parts water and then put under 
pressure. Ansco flexogloss, a plasticizing solution can be used as a final 
bath to minimize print curl in all papers and to improve the ferrotyping 
characteristics of glossy papers. 

Projecting 31. All enlargements on paper are surpassed, however, by faultless 
transparencies transparencies projected on to the screen. These "enlargements" can be 

enjoyed simultaneously by everyone and especially by the photographer 
himself, as his precious mounted enlargements will be spared the 
numerous thumbmarks and finger prints of his friends. 

The 32. The photographer's portfolio should consist of mounts of the 
portfolio same colour as the enlarging paper, perhaps of a slightly paler hue, cer

tainly not chocolate-brown. The cover of the portfolio should be bound 
in linen or strong paper. The choice of the mount and the positioning of 
the picture depend very largely upon ,Personal taste. 
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Optics 
Before going further into the study of optics the question of "coated" 
or "hloomed" lenses should he dealt with. As a matter of fact all' 
modern lenses are coated in order to prevent reflections. There is, of 
course, not a complete elimination of ' reflection, hut the processes em
ployed nowadays are definitely of practical value. Coating improves the 
performance of a lens hy increasing its transmission as well as the 
image contrast in the negative. In a simple triplet lens such as the 
Radionar or Cassar, the transmission for a non-coated lens is ahout 
65 - 70 0/0, whereas for the same lens with all its surfaces coated it is 
ahout 90 - 95 0/0. In the enlarging process coating will produce gradations 
of detail in the shadows which would he completely swamped by stray 
light in the absence of coating. With a coated lens at 1 : 11, the exposure 
need hardly he more than that needed with an uncoated lens at 1 : 8. 

Introduction 

168 

Any camera lens, even of the most complicated kind, is in effect a con
verging lens having an action resembling a reading or magnifying glass. 
There are no differences in principle between a converging lens and a 
camera lens but only in quality. It might he asked: Why is a perfectly 
simple convergent lens not considered sufficient? There are a dozen or 
more reasons some of which are given here. Such a lens would have numer
ous defects and unsuitable features, which are dealt with more fully helow. 
A convergent lens may be regarded as a combination of many prIsms as 
shown hy the adjoining diagram. 

It is obvious that a converging lens 
causes all the rays of light falling on it 
to converge to one point, the focal 
point. The rays of the sun, for instance, 
converge to this point and materials, 
such as wood, paper, etc. very easily 
catch fire at the focal point. A cigarette 
can easily he lighted in this way with a 
photographic lens. In addition, there are 
lenses of the diverging type, which are 
of great importance for the construction 
of modern ohjectives. The diagram shows 
how a divergent lens spreads out the 
rays falling on it. 

_____ ----'-.r7 

------------~~.,.,.----
-------~w~~---~--~-~ 

-------~~----------

----,..----------
-------~"""""""""'--.... ....... .... .... --



I J 

i 

Lenses need not necessarily retain their original shape. The following 
are possible modifications, in addition to the original types (1 and 4):-

1 2 3 4 5 6 
Left: Different shapes of converging len
ses (positive lenses). No. 1 double-con
Tex, No.2 plano-convex, No.3 cone avo
convex, usually called "meniscus." This 
is a plus meniscus. Menisci are eyeglass 
lenses. 

Right: Different shapes of diverging 
lenses (negative lenses) . No. 4 double
concave, No. 5 plano-concave, No. 6 
concavo-convex, which is a diverging 
meniscus. 

With plus menISCUS lenses two lenses can be made, although of prImI
tive type. 

A plus meniscus, formerly 
called monocle lens 

The combination of 
two plus menisci, called 

the periscope. 

These two primItIve lenses are, from a photographic point of view, slow, 
as they can only be used at a relative aperture of about 1 : 11. They 
have every conceivable defect, the worst one being the chromatic aberrat
Ion (see page 171). 

The Achromat (formerly called the 'Landscape Lens') is free 
from focus difference, but of slow speed and possesses many 
optical defects. It consists of an ordinary converging lens 
and a diverging lens. The new feature in this combination 
is that two lenses of different glass, i. e. with different 
refractive power, are used. By this means it is possible to 
eliminate the chromatic aberration. "Achromatic" means 
chromatically corrected. 

The Aplanat is a combination of two achromats. The 
defects still existing are curvature of the field and 
astigmatism (page 171). Stopped down to about f /8-
fill it gives good definition. The Aplanat is a double 
lens, the components of which can be used separately 
(the focal length of each single element being then 
doubled). "Aplanat" means free from spherical aber
ration (see page 171). 
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The best and fastest achromatic lens with the least 
defects is the Anastigmat (shown here is a Zeiss Tessar). 
The Anastigmat owes its high speed and extremely 
good definition mainly to its freedom from astig
matism (page 171) , which can otherwise be reduced 
only by stopping down. 

Anastigmats may consist of from three to ten single lenses, of which 
some are separate and some cemented together with Canada balsam. 
~~Anastigmatic" means that the lens produces every point on a subject 
accurately as a point on the film. 

A double Anastigmat (Meyer-Plasmat). Here " Double" 
does not mean twice as good, but composed of two 
groups of lenses, which can also be used as single 
units (greater focal length). There are symmetrical 
anastigmats, in which both lens groups have the 
same focal lengths, and semi-symmetric double ana
stigmats in which ' the two lens groups have different 
focal lengths. Anastigmats such as the Tessar, are 

asymmetrical and in their case the lens groups cannot be used singly. 
Symmetrical or semi-symmetrical double anastigmats are naturally useful 
only in cameras with long extensions. Then several focal lengths (and 
at the same time several image scales, see page 177) are available with 
one lens. These are termed convertible lenses. 

To make the list complete, we must also mention the Apochromat, 'which 
is an anastigmat lens with maximum color correction. It is used for 
microscope work and for making separation negatives in color photo
graphy. Probably they will be more popular in the future for miniature 
cameras, and for use with panchromatic and especially color films. The 
all-round color sensitivity of the film will then be equalled by that of 
the lens. Further details on page 171 under focus difference (chromatic 
aberration). 

The aberrations of lenses 

Even the most up-to-date of modern lenses are not free from faults. 
Every lens is a compromise because it is impossible to eliminate all aber
rations, although they may be reduced within reasonable limits. For our 
practical work modern lenses are free from any appreciable defects. Thus 
lenses which appear to be imperfect from the point of view of the 
optical designer are of excellent quality in the actual practice of the 
photographer. 

The aberrations which may still b~. found in primitive _or cheap lenses are 
these: 

Field curvature: The sharp image, projected by a convergent lens does 
not lie in one plane, i. e. the focusing screen, but is curved in the shape 
of a concave meniscus. As a result the sharpness diminishes away from 



the center. The only remedy IS to stop down, In order to cut out the 
marginal rays. 

Spherical aberration: Rays of light are bent by the lens so that the rays 
from the margin of the lens meet the optical axis in points other than 
those in which it is met by the central rays. Consequently there is an 
increasing lack of definition towards the edges. The remedy is to stop 
down. 

The so-called "change of focus" is a result of spherical aberration. Some
times a lens is found to define more sharply with a medium stop (f/5.6-
f /8) than with a very small stop (f /16-f/22). This is occasionally met with 
in modern lenses, especially in high speed anastigmats. It is due to the 
fact that in correcting these lenses, wide marginal fields had to be 
included in the correction at the exp en se of correction In the center 
I t is generally undesirable to work with very small stops. 

Astigmatism: If a point lies outside the axis of the lens an imaginary 
line extending from the center of the focusing screen through the center 
of the lens the rays emanating from it are refracted to varying extents, 
those striking the lens vertically differing from those falling obliquely. 
Consequently these rays no longer intersect at one point, the theoretical 
focal point of the lens. This very serious defect causes rapidly increasing 
lack of definition from the center outwards, and also distortion. The 
remedy is to stop down. Only after the scientific reduction of astigmatism 
was it possible to construct high speed lenses of f /4.5 or more). How
ever, the name anastigmat is no indication of the other qualities of a 
lens, quite apart from the fact that slight variations in the batches of 
glass themselves may cause variations between lenses of the same type. 
The term anastigmat is thus no indication of quality, the name of the 
manufacturer alone being the determining factor. 

Coma: If a lens has coma, points resembling comets are seen at the edges 
of the image, causing a blurred effect. This occurs in the single lenses 
of double anastigmats. Here too , the remedy is to stop down. 

Distortion: Straight lines at the edge of the ill}age are shown as curves. 
This defect is not only found in simple lenses, but also in the less 
expensive types of telephoto lenses, which should therefore not be used 
for architectural work. There is no remedy. 

Chromatic aberration: Any converging lens is a prismatic glass body and 
therefore breaks up light in the same way as a prism, i. e. it splits up 
"white" light into its components, the colors of the spectrum (page 172). 
Violet is refracted the most, and red the least. 

This phenomenon is evident from the colored edges of each outline, 
when focusing with a monocle lens (page 169). The human eye is most 
sensitive to yellow-green, but the photographic emulsion to blue-violet. 
Consequently we focus with a component of white light which is unsharp 
as far as the emulsion is concerned, the result being that image which 
is focused sharply visually is rendered unsharp photographically. Thus, 
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Primary, chemically active spectrum, definition relative to emulsion speed 

Secondary spectrum, definition in relation to the focusing eye 

Q) 

o ~ 
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in chromatic aberration, the prImary and secondary spectra differ. The 
focal point of the primary spectrum (violet-blue) is closer to the lens, 
whilst that of the secondary (green, yellow, red) is further away, that 
is to say, the rays do not come to a sharp focus after leaving the lens. 

Chromatic aberration is hardly a thing worth worrying about as it is 
found only in so-called "monocle lenses" and periscopes (page 169). In 
all modern lenses chromatic aberrati.on is eliminated, except for a very 
small degree which is quite negligible in practice. 
However, chromatic aberration may occasionally become perceptible if 
photographs are taken with light rays for which a normal photographic 
lens is not corrected, that is with rays of a very short or a very long 
wave length. Ultra violet light in high altitudes, especially in winter 
at noon, has a particularly short wave length, and has to be intercepted 
by a so-called U. V. filter*). Invisible infra-red light has a particularly long 
wave length, and in this case the chromatic aberration can be corrected 
by extending the camera extension by 1/200 of the focal length after focusing. 

Air hubhles in the lens 

are no defect. They are, on the contrary, tangible proof that the lens is 
made of high quality optical glass. The bubbles have no significance as 
regards the optical efficiency of the lens. 

How to test a lens 

The simplest and most reliable test is to attach a newspaper to a door 
with drawing pins, focus the lens and make an exposure. The negative 
should be uniformly sharp all over at full aperture. By a similar test, 
it is easy to ascertain at which stops the lens shows its best definition -
usually in the region of f/8 and fill. With this method of testing it is 
essential that the focusing be done with a focusing screen, as a focusing 
scale may be inaccurate, In which case, further focusing tests will have 
to be made. 
The definition given by a lens depends upon its resolving power or 
resolution. The test mentioned ahove is quite sufficient for any amateur 
who wishes to know the quality of his lens. There are semi-scientific and 
scientific methods of testing a lens according to so and so many lines
per-millimeter, which is a fetish of hardly any use to the amateur. In 
most cases the equipment of the amateur is too primitive to ensure reliable 

*) Kodak Wratten Filter No. 2-6 or Lifa'·haze filter. 



results. These tests are frequently made without the necessary scientific 
foundation., and the amateur often even reverses his findings by inexpert 
handling of the lens and test charts. The United States National Bureau 
of Standards has recently published a new set of test-charts. In accordance 
with the results of the latest investigations., the definition of a lens does 
not depend only on its resolution but also on the contrast inherent in the 
subject to be taken. For this reason the new charts issued are of two 
different types, for high and for low contrasts. High contrast is represented 
by black print on a white background, while low contrast is represented 
by grey print on a pale grey background. The tests must be luade on nega
tive material of the finest grain, and at a distance 26 times the focal length 
of the lens. As the amateur seldom has any idea of the standard of effi
ciency demanded from his particular lens by its designer, his tests will 
result in faulty findings. The limitations of a lens can be tested only by 
highly scientific optical test methods which the amateur cannot afford. 

All manufacturers of photographic lenses test them by much more pain
staking and exacting methods than the amateur is able to employ. But 
what is meant by the expression "resolving power" or "resolution"? This 
means the capacity of a lens to distinguish clearly very fine parallel lines 
running close together, i. e. prevent them merging into one grey mass. 
The greater the resolution, the more precise and clear the lines appear 
and the sharper is the definition of the lens. The resolution is therefore 
expressed as the maximum number of lines to a millimeter that can be 
reproduced clearly. Apart from the question of grain, important factors 
affecting resolution are the thickness of the emulsion., the type of deve
loping process used and the density of the silver bromide deposit. 

Thus several lenses can be compared. The first prerequisites for such a 
comparison are that both lenses should have identical optical constants 
and that the tests are made under strictly identical conditions. The reso-
lution of each type of lens is at its maximum at one particular medium stop 
usually at 1 :5.6 or 1 :8. How-
ever, even the best lens can
not yield the highest possible 
definition when the camera 
is shaken during the expo
sure. Miniature camera lenses 
in particular require a very 
high degree of definition. 

The definition may be tested 
rapidly and reliably by photo
graphing printed matter as 
shown in the adjoining illus
tration. The test also shows 
whether the focusing me
chanism is in order, as maxi
mum definition should be 
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obtained at the focused distance. Here the lens was sharply focused on the 
arrow, so that the focusing mechanism was not accurate in this instance. 

For the effect of the emulsion on definition see hint 33 on page 66. Tests 
should be made with thin-layer films. Extremely sharp lenses are obtain
able which, owing to the fact that they incorporate several separate lenses, 
tend to reproduce internal reflections (flares or ghosts) on the negative 
when exposures are made against the light. These lenses are rather deli
cate, and may give trouble even when used with a lens hood. As a 
general rule, however, this defect rarely occurs in lenses with apertures 
up to f/3.5, but it is more frequent in high speed lenses of the more 
complex type. The defect is eliminated in coated lenses. 

The Focal Length 

The fundamental principles have already been discussed on pages 22 and 
23. The focal length of a lens is always engraved on the mount (such as 
1 : 2.8/45 mm where the focal length is 45 mm or 1 : 3.5, f = 105 mm, where 
f stands for focal length). 
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The lens with a strong curvature has a 
short focal length and its image of the 

sun is small. 

A lens of little curvature has a longer 
focal length and the image of the sun 

is larger. 

There are short and long focal lengths. To illustrate the' significance of 
this statement, let us consider the operation of a magnifying glass, which is 
an ordinary converging lens. 

Thus short focal lengths produce small images (consequently they are the 
normal lenses for miniature cameras) and conversely long focal lengths 



produce larger images, so that larger cameras must have lenses of longer 
focal length. What is meant by "short" and "long" in this respect is that 
the shortness or length must be related to the size of negative. 

There is a minimum focal length for every 
format and this can be determined accurately. 
The image formed by the lens is circular 
and this circle is called the field of the 
lens. This image is not sharp throughout, 
but will be indistinct towards the margin. 
The best portion in this respect is the 
center where the image is sharply defined. 
This portion is called the circle of good 
definition, or the image field. This circular 
image field is the useful portion into which 
the camera format must be accommodated. 

The ilDage field 

A camera format of any desired lateral proportion may be accommodated 
within this circle of the (useful) definition since the diameter of the circular 
image field remains constant. In other words what is called theoretically 
the image field is in actual practice (in its diameter) identical with the 
diagonal of the camera format. Thus the diagonal of the camera format 
can generally be regarded as the minimum focal length for a lens which 
is expected to give a needle-sharp picture right up to the corners. 
Summarizing, it can be said: that the diagonal of the format equals mini
mum focal length (see illustration on page 176). 

/ 
/ 

/ 
/ 

/ 
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/ 
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Almost all cameras are now"adays equipped with lenses of the standard 
focal length, that is to say, with the minimum focal length. 
However, the standard focal length need not be used always. There are 
cameras which are equipped with lens.es of a longer focus. In this case 
the scale of image will be greater, since the image scale is proportional to 
the focal length. It has even become a fashion to use extremely long 
focus .lenses whose focal length is quite out of proportion to the camera 
format in order to obtain distant objects as large as possible on the film. 
On the other hand, the focal length may be smaller than the standard 
focus. These lenses are called wide-angle lenses, which cover a wide area 
(or have a "wide angular field"), but yield a smaller image scale. 
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A 

Minimum focal length: 

The focal length A is equal to the diagonal 
of the negative B. 

The angular field or angle of -view 

The expression angular field or angle of view denotes the maximum angle 
possible between two rays going through the lens to the film. The mean
ing of the expression will be clarified by the following example: 
Someone wishes to photograph an interesting church on a village green 
with a miniature cam
era. He stands at such 
a distance from the 
church that with a nor
mal camer a lens he 
would only get the roof 
in the picture, not the 
steeple, - his angle of 
view is too small. He 
might of course go 
further back, but then 
he would come against 
a wall, so he cannot 
change his position. He 

., 

replaces his standard lens by his wide angle lens, and now the steeple is 
included in the picture as well. Naturally everything is on a smaller 
scale, but a wide angle of view is obtained. *) It may happen that our 
photographer would like to take a close-up of an interesting detail on 
the church steeple. He again changes his lens and uses a special long focus 
lens. The picture is then on a large scale within a small angle, so that in 
effect the subject is brought nearer. To illustrate these points: -

*) An angle of view of 50 0 - 60 0 is regarded as standard. 



Elmar 
5cm 

(normal 
lens) 

Three dIfferent foea I lengths 

and consequently three different image 
scales. The camera was in the same posi
tion throughout, although the section 
taken w"as altered slightly in each case. 

Elmar 9 em 
(long focu s lens) 

Elmar 3.5 em 
(wide-angle lens) 
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Special lenses 

Short focus lenses have a focal length which is shorter than the standard 
focus. As the angular view is great, they cover a wide area but with a 
small image scale. Wide-angle lenses have an angular field of 75 0 to 100 o. 
Long focus lenses have a focal length that is longer than the standard 
focus. As the angular view is small, the area covered is also small but 
the image scale is large. 

To photograph an object at a considerable distance, a long focus length 
is desirable, but to obtain close-ups "filling the frame" would entail an 
'enormous extension of the camera. To avoid this, so-called telephoto 
lenses have been designed. The telephoto lens has a focal length about 
double the diagonal of the format for which it is intended. Its narrow 
angle of view is about half that of the standard lens used for the same 
negative size. However, the camera extension is very much less than would 
be necessary for a standard lens of the same focal length. 

Focusing. - Object Distance a:tid Im.age Distance 

A lens can be focused at definite distances in the same way as a paIr of 
binoculars is focused. Since the correct focusing of a lens in a camera is 
the alpha and omega of photography, this must be dealt with in rather 
more detail. 

*----------- 0 b j e c t Dis tan c e 
I 

I 

: Focal : 
Length' Focusing on distant views 
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Suppose the lens is set at an infinite distance (at "infinity"). This coin
cides with the fact that the lens is set to its own focal length. The result 
is that only the distance is sharply defined. Starting from a certain point 
(called the "infinity point D") the sharp definition continues indefinitely. 

x----------------
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I 
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O-D----------------~ 
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: Image l 
Distance 
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Focusing- on scenes with persons 

The lens is now focused at an object nearer to it. In this case the distance 
between the lens and the focal plane (film or plate) is called the image 
distance. By focusing at closer objects the image scale is also increased. 
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Focusing for a close-up {portrait etc.} 

The image distance increases when the object IS still closer to the lens 
and with it the image scale also increases. 

)(--- 0 -0 --~ 
I 

I 

I 1 
'mageDistanc~ 

= 2 X F 
Focusing for photographs in natural size 

If the image distance is equal to twice the focal length, an object is 
represented at its natural size. In this case the object distance must be 
twice the focal length. This principle applies to lenses of any focal length. 
The image distance is of the greatest practical importance, for the longer 
it becomes, the less favorable becomes the ratio of aperture (page 180). 
Here is a simple example: A window of de.finite size will illuminate a 
small room better than, say, a long narrow slit. The necessarily long 
extension of the camera in close-ups corresponds to this slit. The 
light decreases rapidly, viz. in squared progression. This means that 
doubling the camera extension entails four times the initial exposure. If 
very close objects have to be taken the camera extension becomes rela
tively long. The longer the focus, the longer is the extension in relation to 
the focal length. The exposure time for very long extensions can be 
calculated by means of the following formula: 

(
image distance ) 2 

multiplied by normal exposure time. 
focal length 

As a handy rule of thumb it may be noted: 

Extension (image distance) = 11/2 X focal length = 2 } 
Extension " = 13/ 4 X focal length = 3 times the ~ormal 

exposure tIme. 
Extension " = 2 X focal length = 4 
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A few forlUulae 

The relationships between focal length, image and object distances are 
determined by the so-called "lens formula", as follows: 

1 1 
---b- ·----d- ·-------+ · d' o Jeet lstane e Image lstanee 

1 
focal l e ngth 

180 

If any of the two values are known, the third can be calculated In the 
following way: 

image distance -

focal length 

object di s tance X foeallength 

object distance - focal length 

object distance X image distance 

object distance + image distance 

image distance X focallength 
object distance = image distance - foeallength 

If distance of image and object are known, the scale of the Image can 
also be determined as follows: -

image distance 

object distance 

The scale of the image can of course be ascertained more quickly, if not 
so accurately, by correlating the image scale and the size of the object on 
the focusing screen. 

Speed - Working Aperture - EWeeti"ve Aperture 

Speed and aperture are identical terms used for the diameter of that 
part of the lens actually used for photographing. The diameter of the 
lens in itself is no criterion of the actual speed. What is decisive is the 
distance between the focal plane (ground-glass screen, plate or film) , 
which is determined by the focal length. Therefore the diameter of the 
lens must be correlated to the focal length in order to ascertain the 
"aperture". If a lens has the nominal aperture 1 : 4, it denotes 

te=::>I . . 
! 

1 2 3 4 

the number of times the diameter of the aperture can be divided into 
the focal length. Now this is not quite accurate, as it is not the whole 
diameter of the lens which is correlated to the focal length but the so
called 'effective aperture'. Although it is quite sufficient in actual prac
tice to calculate using the whole ·diameter since the effective aperture is 
usually only slightly larger, the latter can easily be ascertained. If, for 
instance, a lens is marked 1 : 4.5, f = 10 cm, the effective aperture can 
be calculated by dividing 10 into 4.5 = 2.2 cm, which is the 'effective 
aperture'. The effective aperture can also be determined by experiment. 



The camera is focused to infinity, then replace the ground-glass screen 
by a piece of cardboard with a 1 mm pin-hole at its center and point 
the camera towards the window. The bright circle appearing on a piece 
of ground-glass pressed against the lens mount is the effective aperture. 
It is essential that the speed of the lens, the area of the aperture in 
millimeters (which accounts for the amount of light passing through the 
lens) and the effective aperture are not confused. When the effective 
aperture is divided by the focal length, the f/number of the aperture 
is obtained. 

Com.plieatioD8 with Close-ups 

Suppose a small object is to be photographed as large as possible with 
a quarter plate camera. If one shortens the focal length by using a supple
mentary lens in front of the camera lens, the camera extension will be put 
to full use, and will be longer in relation to the focal length shortened 
by the supplementary lens. This is apparently correct, as all focal lengths, 
even the shortest ones, are subject to the principle mentioned on page 179 
to the effect that an extension of twice the focal length produces an image 
in natural size (for magnification beyond natural size, see page 192). For 
this reason short focal lengths - giving pictures on a small scale - are 
now frequently used for large scale close-ups as they avoid excessive 
camera extension. 

However, this case is not so simple with regard to the determination of 
the exposure time necessary. Three facts have to be taken into account: 
firstly, the supplementary lens has not only altered the focal length but 
also the original speed of the lens (in this case it is improved); secondly, 
the reduced focal length is used with a considerable camera extension 
(great image distance). This calculation in itself would not be too diffi-
cult according to page 179, but there is a third factor, the stopping down 
of the lens in order to obtain the necessary depth of field. In addition, 
there is a fourth difficulty, viz. that of deciding to what stop the one 
selected for exposure will actually correspond with the shortened focal 
length. All these complications can be overcome in the following way: 

I t is a calculation, of course, but a simple one. Simply divide the length 
of the camera extension by the effective aperture. This is the formula 
always used by lens manufacturers for determining the speed of a lens 
for "infinity". 

The method of determining the effective aperture by experiment has 
been described on page 180. Assume that the camera extension (image 
distance) is 25 cm and the stopped-down lens has an effective aperture 

25 
of 0.5 cm. This amounts to a working aperture (stop) of 0.5 = 1: 50. 

A neat method of focusing upon tiny living objects is described under 
ABC page 261. 
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The Loss of Light in Lenses 

It is common practice to regard the maximum aperture of a lens as 
being identical with its speed. Actually, however, no lens is as fast in 
actual practice as it is in theory. The greater the number of individual 
lenses used to make up a complete photographic lens, the greater is the loss 
of light by absorption and by reflection. The loss by absorption is small 
compared with that of reflection. These reflections are of a special kind 
connected with the wave-shape of the light. However, the most important 
factor is the basic fact that glass reflects light and that the reflections 
will increase with the number of air-glass surfaces. When the light rays 
strike the lens surface they are refracted. Most of the light then passes 
through the lens, but a part is reflected, so that some light is simply lost. 
In modern high-class photographic objectives, consisting of six, seven or 
more lenses, this loss is considerable. The following examples are quoted 
from experiments made by A. Klughardt: 

. 
I 

Number of Number of 

I 

Light loss 
Type lenses reflecting percentage 

surfaces 

I 
Meniscus 1 2 9 % 

Periscope 2 4 20 % 

Tessar 1 : 4.5 4 6 30 % 

Tessar 1 : 3.5 4 6 33 % 

Tessar 1 : 2.7 4 6 35 % 

Ernostar 1 : 2 6 8 48 % I 
It is quite obvious that as a general rule the loss of light increases with 
the number of lenses, that is to say, with the number of air-glass sur
faces, with the result that there is an increasing difference between the 
theoretical and practical speeds of the lens. Owing to the fact that there 
are a number of such reflecting surfaces, the light inside the lens will 
travel backwards and forwards between the surfaces and spoil the bril
liance of the picture. In recent years these reflections have been greatly 
reduced by coating the surfaces of all lenses with an evaporated fluorite, 
and it is a fact that the latest high speed lenses of the Gauss type could 
never have been computed without coating. When all glass-air surfaces 
are coated - as is the case with modern lenses - the gain in transmission 
may be more than 20 %. Even more important than this gain is the 
improvement in image contrast. This is greatly appreciated in black and 
white pictures, but it is of decisive importance in 'color photography. 
as any scattered light will adulterate the colors. The quality of a lens 
predetermined by the most careful computation was previously impaired 
by these internal reflections, but now it is almost exactly according to plan 
and gives controlled results with complete consistency. 
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How stops are calculated 

Exposure meters and exposure tables should make all calculations un
necessary but in cases of emergency it is as well to remember that there 
IS a simple rule of thumb 

large fl number 

small fl number 

The result when squared, gives the factor for increasing or decreasing 
the exposure time. For instance: Instead of using the large f l number 3.5 
it is intended to stop down to stop 16. To ascertain the additional ex
posure time needed, divide the large figure by the small one: 16: 3.5 
approximately 5. If this is squared, it will be 25, which means that the 
exposure time with f /16 should be 25 times that of f /3.5. Conversely, to 
change from the small stop to the large, i. e. from 16 to 3.5 the calculat
ing process is the same with the difference that the exposure time is 
now 1/ 25 of that used for £/16. 

It may be mentioned here that the internationally accepted standard 
series of apertures is: 

f /1.4, f /2.8, f /4, f/5.6, f /8, f i ll, £/16, f/ 22, f/ 32. 
For each successive stop the exposure must be doubled. 

There is another range frequently used by German firms which IS as 
follows: 

f /1.6, £/2.2, f /3.2, f/4.5, f /6.3 , f /9, £/12.5, f/ 18, f/ 25. 

The exposure time again has to be doubled for each successive stop. 

Why does stopping down increase the depth of field? 

I t is a lazy habit to regard as a special dispensation of Providence the 
f act that stopping down a lens increases depth of field. However, this 
physical process has nothing mysterious about it, and it helps to explain 
much that might otherwise be obscure. In order to explain this process, 
is is necessary to understand the expression: the " circle of confusion". This 
term can best be illustrated by the model of an elementary piece of 
photographic apparatus (see ill. 1, page 184). 

Imagine a luminous point at some distance from the converging lens 
(i. e. to the left outside the drawing). On this luminous point the lens 
is sharply focused and depicts it as a point. It can be seen how the 
apex of the cone falls upon the screen (ground-glass or film). Between 
the lens and the luminous point is a second luminous point which is closer 
to the lens and is not sharply defined as it is not sharply focused. Since 
it is closer to the lens it would require an increase in camera extension 
(image distance) to get in sharp focus, but as long as the distance be
tween screen and lens remains unaltered, the focal point of point 2 is 
behind the screen. It can be seen that all rays converge to one point -
hut that is behind the screen. However, an image of this point is obtained; 
but not as a true point, but rather as a poorly defined disc, which means 
that it is larger and less bright than the point. This disc is the circle of 
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confusion. In actual practice any point In a picture which is not sharply 
focused forms a circle of confusion. In everyday life circles of con
fusions are not unknown to us, for the pattern of sunlight falling through 
the foliage of trees are circles of confusion, the gaps between the leaves 
forming pin-hole lenses (see page 16). 

Reducing the Circle of Confusion 

184 

If any point in a picture which is not sharply focused forms a circle 
of confusion, the logical conclusion is that by reducing the circle of 
confusion by some means or another, a sharp definition can be obtained. 
Incidentally, another conclusion will be that the further an unfocused 
point is from the sharply focused point, the greater will be its circle of 
confusion. The smallest circle of confusion will thus be obtained in the 
vicinity of the actual distance at which the lens is focused. This bears 
out the truth of the experience that the less accurate the focusing, the 
less sharp will be the image. In order not to complicate the drawing, 
we assumed the unfocused point 2 was nearer the Jens. The same phenom
enon repeats itself, of course, with a point lying behind the focused 
one, i. e. beyond point 1. Its focal point then lies in front of the screen 
(the camera extension = the image distance becoming shorter~ as is al
ways the case when the lens is focused upon distant objects). However, 
will it be depicted at all, no matter how vaguely? Certainly, for the 
rays converge to a conical point, intersect at the point of the cone and 
then diverge again (see ill. 9). Instead of converging behind the screen, 
as in the first example, the rays now converge in ·front of it and the 
"reversed" cone of rays also forms a circle of confusion on the screen. 
Before we consider possible methods of reducing circles of confusion, 
let us examine such a circle and what it looks like on the ground-glass 
screen, the plate or the film. 

1) 



To the left a sharply focused and thus sharply 
depicted dot. In th e center a circle of con
fusion formed b y a dot which is s till near to 
the di stance focu sed on (it i s larger, not 

2) sharp and ha s u nsharp outlines) . To th e right 
anothe r dot far away from th e di stanc e fo
cused on (s till large r , darker and more un
sharp ) . 

Ac co rdingly a s traight line or th e boundaries 
3) of an area look like thi s . 

Our little model can show further intricacies into the working of the lens. 
The phenomenon just described can be illustrated as follows In a much 
simpler form: 

1 

• 
2 
o 

4) 
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Now suppose we focus sharply upon point. 1. What happens to the 
circle of confusion when we stop down the lens? Stopping down means 
reducing the aperture of the lens and cutting off the marginal rays. 

1 

• 
2 
o 

I 

I 

5) 
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The conditions are the same as above, with the exception that the mar
ginal rays are cut off. The result is: the angle of the cone of rays has 
become more acute, and the circle of confusion has become smaller. We 
continue to stop down the lens even more: 

1 

• 
2 
o 

I 
I 

6) 
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The circle of confusion becomes smaller still and approaches more 
closely to truly sharp definition. Thus an increasingly larger area both 
in front of and behind the sharply focused spot will be sharply defined 
and depth of field is obtained merely by stopping down the lens, but with 
the smaller aperture we sacrifice much of the light that would pass 
through a larger aperture. 

It may be asked: 

Why Is the depth o:f field :m.ueh greater beyond the distance 
focused on than in :front o:f It? 

Even the inexperienced amateur will soon be aware that focusing for 
close-ups is a more delicate operation than focusing upon distant objects. 
The lens has to be advanced further the closer the object to be photo
graphed is to the camera, in other words, the camera extension or the 
focusing mount (image distance) has ,to take a large 'step' forwards when 
the distance is changed, say, from 5 feet to 3 feet. Middle distances are 
much easier to handle. It is, therefore, hardly surprising that the lens is 
much more sensitive to close-up focusing and forms large circles of con
fusion more rapidly than in distance focusing. 
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This means everything in front of the distance focused on must be com
pensated for by a pronounced correction of the camera extension, be it a 
bellows or a focusing mount. Everything beyond this distance needs a 
slight correction only. If no correction can be made (fix focus or box 
cameras) the tendency to unsharp definition is, of course, greater towards 
the front of the point focused upon. Let us illustrate this: 

8) 
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Focus on point 1. Point 2 is relatively close to point 1. Despite this fact 
the camera extension will need considerable correction. Failing this, its 
focal point remains some distance behind the screen. In other words, 
the circle of confusion is rather large. 



3 
o 

1 

• 
2 
o 

9) 

Point 1 is still focused upon sharply. Point 3, beyond . the focused 
distance, is about 2 to 3 times as far from point 1 as point 2. Bearing 
in mind that more distant points entail comparatively less adjustment of 
the extension (in this case it is a shortening of the image distance) ') it will 
need only a relatively small adjustment of the lens to extend the sharp 
definition from point 1 to point 3. In other words: even without any cor
rection of the camera extension, the circle of confusion is relatively small, 
if the point not focused upon lies beyond the focused distance. 

So it has been shown, that 
1) stopping down reduces the circle of confusion. As a result, objects 
which are not correctly in focus are included in the area of sharp de
finition, which means that the definition or depth of field increases on 
both sides of the focused distance, the effect being the more pronounced 
the more the lens is stopped down. 

2) The increase of the depth of field is less in front of the distance 
focused on, because the circles of confusion of contiguous points (not 
in sharp focus) are relatively larger than those of points situated at a 
similar distance beyond the distance focused on. 

3) A rough guide is that on an average 1/ 3 of the depth of field lies in front 
of the distance focused upon and 2/ 3 behind it. 

Why is the depth of Held relatt-vely greater when a di8tant 
point is focused on than with close-up focusing? 

The facts stated above supply the answer to this question. (Close-up 
focusing upon point 1). Points which lie relatively close either in front 
or behind the focused distance with close-up focusing require a com
paratively large camera extension (altering the image distance). Conse
quently larger circles of confusion will be far more in evidence than 
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11) 

with when focusing on a distant point (point 1 now moved farther 
away). Points which lie relatively far away from the focused distance 
(point 2) give even smaller circles of confusion in comparison. In this 
case, the lack of definition increases only gradually in front of and be
hind the focused distance, and a substantial portion remains sufficiently 
sharp to form an adequate area of depth of field even without stopping 
down. 

When a lens is focused to infinity, the circles of confusion become so 
small that the sharp de-finition extends over a great distance. 

The reason why short :focus lenses have a relatively greater 
depth of Held 

Owners of a quarter plate camera will know that the lens has to travel 
quite a long way when the focus of the camera is altered from infinity 
to, say, 3 feet. The miniaturist knows that the same process is much 
easier with the short focal length of his miniature camera. The distance 
setting of a short focus lens requires only very small corrections. The 
image distances of a short focus lens are pretty close together and this 
means relatively smaller circles of confusion when the point lies beyond 
the distance focused on. This is illustrated below. 

Long focus lens: 
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12) 

Focused on point 1. A point, which is only slightly in front of or beyond 
the point focused on, needs a considerable correction of the camera 
extension with a long focus lens (thus altering the image distance). The 
circles of confusion become relatively large, the loss of definition In
creases rapidly and consequently the depth of field is small. 

---

( 



Short focus lens: 
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Still focused on point 1. With the short focus lens, a correction of the 
camera extension is necessary as well, but it is far less than is the case 
with the long focus lens. Since the lens does not have to travel far to 
produce a sharp definition of close-up or distant points, the circles of 
confusion remain small. The loss of definition of points which are not 
focused upon increases only gradually and much more slowly, and conse
quently the depth of field of short focus lenses is relatively greater. 

(In order to prevent misunderstanding, it should be stated that lenses of 
35 mm to 80 mm focal length are regarded as short focus lenses. This has to 
be taken with a grain of salt, since the negative size has, of course, to 
be taken into account. A lens for a miniature camera may still have a 
long focal length in comparison with the negative size (see under Mini
mum Focal Length, page 17.5). For instance a lens of 50 mm focal length 
is relatively long for the 24 x 36 mm size, as is 80 mm for the 21/4 x 3 1/4 in. 
size, because their focal lengths are much greater than the diagonal of 
the negative size). 

The standard of definition - What is »sharp«, what ~~unsharp«? 

The degree of sharpness attained by a lens is generally described in 
terms of the circle of confusion and is, therefore, no fixed criterion, as 
the size of the circle of confusion is variable. Definition that would be 
considered "sufficiently sharp" in a half-plate negative would probably 
be regarded as unsharp in a 24 x 36 mm negative. The actual size of the 
disc or circle of confusion becomes extremely important when dealing 
with short focus lenses, when the diameter of the circle of confusion 
become~s comparable with the size of the grain in a negative. There is a 
very exact criterion of the definition of a lens with regard to the size 
of the negative. For focal le~gths of 75 mm and over, it is usual to take 
as "sharp" definition when a point does not spread to a circle greater 
than 1/ 1000 of the focal length in diameter *). For 24 x 36 mm negatives, 
a diameter of 1/30 mm has been adopted as a general rule for all focal 
lengths. (In this connection it is interesting to know that the focal length 
of 50 mm corresponds to a circle of confusion of 111500 of the focal length). 

*) A s it is related to the negative size, it would be better to set the diameter of the 
circle of confusion to 1/ 1000 of the diagonal of the negative size instead of the focal length. 
However, there is the difficulty that, according to the negative size , each lens would have 
a different depth of field t.ahle. 
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The German firm of V oigtHinder stipulate 1/ 20 mm for their 75 mm lenses 
and issue specially calculated depth of field tables. The differences in 
depth of field tables are due solely to the different circles of confusion 
adopted by the compilers. Furthermore, in English speaking countries, a 
prolific source of confusion lies in the conversion of the measurements. 
Focal lengths and distances scales are generally marked in centimeters 
and meters on the Continent, but in inches and feet in England and 
America. Now, when all the dimensions are not converted to the same 
denomination when compiling a depth of field scale, it is inevitable that 
one must get thoroughly mixed up. With this proviso, a depth of field of 
x to y feet means that within this range the circle of confusion does not 
exceed the limit set for the circle of confusion. For the Leica lenses, for 
instance, from x to y feet the contours are not thicker than 1/ 30 mm. 

Particulars about the resolution of a lens, see page 173. 

Supplem.entary lenses (see also page 181) . 
Any focal length of a lens can be modified by using supplementary lenses 
(meniscus lenses, see page 169). This entails the same corrections as that 
of defective eyesight by the use of eyeglasses. 

If a converging lens, a so-called plus-meniscus, of some suitable type 
such as Zeiss Proxars or Kodak Combination Lens Attachment System is 
fitted to the front of the camera lens, an optical system is obtained that 
reduces the focal length of the camera lens. Since the negative size covered 
remains the same, a wider angular view of the object is recorded. How
ever, the image scale is reduced and this means that the area covered by 
the lens combination is increased. 

A diverging lens, a minus meniscus, can be used to lengthen the focus of 
the lens. Then the angular field becomes smaller, the image scale in
creases and distant objects are brought nearer to the camera, just the same 
as when a telephoto lens or long focus lens is used. Since miniature cameras 
have no bellows extensions, only converging lenses can be used, and 
these have the effect of a wide-angle lens with which close-ups with a 
relatively large image scale can be obtained. (This is made possible, 
since, after shortening the focal length, extension becomes available, see 
page 192). It is important to know that the greater the refractive power 
of the supplementary lens, the shorter will be the focal length. However, 
there are limits, for from a certain point onwards the negative size is 
neither uniformly and completely illuminated nor is it sharp right up to 
the edges. 

Although rarely possible with miniature cameras, with larger cameras 
with bellows, supplementary lense.s least affect the total correction of the 
camera lens when they are fitted to the rear lens of the camera objective*), 
that is to say, inside the bellows. 

*) Objective is the scientific term used on the Continent for a combination of lenses used 
III photography. 



Calc Illations with supplelDentary lenses 

Generally, supplementary lenses are supplied with small tables, which 
show the necessary increase or decrease in exposure time required with 
these lenses. The apertures engraved on the lens mount no longer re
present the actual f/ numbers, of course (see page 180). The refractive 
power of meniscus lenses is standardized in terms of diopters. One diopter 
corresponds to a focal length of 1 meter (3.3 feet). There are "plus" 
meniscus lenses (positive, converging lenses) and "minus" meniscus lenses 
(negative, diverging lenses, see page 169). The diopter system works as 
follows: 

1 diopter 
2 diopters 

= 100 cm (40 in.) 
- 50 cm (20 in.) 

3 diopters = 33 1/2 cm (13 in.) 
4 diopters = 25 cm (10 in.) 

In other words: 100 divided by the dioptric number gives the focal length 
in centimeters. 

Example: A plus meniscus lens of 3 diopters is fitted to a camera lens 
of 15 em focal length. Which is the new focal length? It is calculated as 
follows: The objective without the supplementary lens has 100 : 15 = 6.6 
diopters approx. Adding the 3 diopters of the supplementary lens we 
obtain 9.6 diopters. These 9.6 diopters have a focal length of 100 : 9.6 = 

appro 10 cm, which is the new focal length*). 

Another example: A diverging lens, a minus meniscus of, say, minus 
2 diopters is fitted to the objective of 15 cm focal length. Calculation: 
focal length 15 cm (see above) = 6.6 diopters. The diverging lens de
prives these 6.6 diopters of 2 diopters refractive power so that 4.6 diop
ters remain. These 4.6 diopters result in a focal length of 100: 4.6 = 

approx. 22 cm. 

As stated above, the supplementary correction of the focal length alters the 
original aperture of the camera lens, which may bring about an improve
ment or the reverse (for its reason, see page 180). It is improved when 
the focal length is shortened, but reduced when it is extended. The new 
working aperture cannot be determined until the effective aperture (see 
page 180) has been established. Relating this to our example, the lens of 
15 cm original focal length and a speed of 1 : 4.5 has now a focal length 
of 22 cm. The effective aperture without the supplementary lens is 15 : 4.5 
= 3.3. The working aperture for the combination with the focal lens of 
22 cm is then proportional to 3.3 to 22 = 1 : 6.6. 

If a supplementary lens is used which extends the focal length of the 
camera lens 

11/2 times = 2 } 
1 3/ 4 times = 3 times the exposure time has to be used, 
2 times = 4 

which, for the moment, is applicable only when the distance setting is for 
infinity, but not for close-ups. (See page 180.) 

*) approximate values. 
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Macro-photography with a quarter plate calDera 

(see also under "Complications with Close-ups" on page 181) 

As stated on pag'e 180, natural size representation of an object can be 
obtained with any focal length, if both the image distance and the ob
ject distance are equal to twice the focal length of the lens used. An 
even larger image scale can be achieved if the camera extension is suffi
ciently long. With a quarter plate or a 9x12 em (3 1/4X4 3/4 in.) camera, this 
necessary extension can be produced by replacing the original camera lens 
with a very short focus lens from a miniature camera (e. g. a Leica, Contax 
or Robot lens of 35 mm or 50 mm focal length). If a 9 x 12 em camera 
with a double or triple extension is used, an image scale many times larger 
than life size can be obtained. Naturally it is only feasible for photo
graphing tiny, flat objects, for with such an enormous extension the depth 
of field is reduced to a minimum. 

Scale of Camera extension In Increase of 
magnification focal lengths (f) exposure time *) 

--
I : 1 

I 
2f 

I 
4X 

1:2 
I 

3 f 
I 

9X 

1:3 4f 16 X 

1 : 5 6f 36 X 

1:7 8f 64 X 
----

1:9 I 10 f 100 X 

This table shows the relationship between the scale of magnification, 
camera extension (image distance) and exposure time. 

I t is advisable to illuminate the tiny object with a very bright lamp in a 
reflector, or, in daylight with some kind of mirror (parabolic or shaving 
mirror) as the abnormally long extension absorbs an equally abnormal 
amount of light. The camera itself must have an absolutely firm stand, if 
possible not on a tripod, but firmly clamped to a sturdy table, for even 
the slightest vibration may spoil the picture. 

Fitting the miniature lens to a quarter plate camera by means of an 
extension ring is best done by a skilled mechanic. 

Finding aD unknown focal length 
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An unknown focal length can be correctly determined to a millimeter 
by the following method: As it is ' an established fact ' that representation 
of an object in natural size (page 179) is obtained by image distance plus 

*) The variable Schwarzschild exponent (page 252) has not been taken into account. It may 
cause some more slight deviations. 



The N OVOFLEX r e fl ex hou sing (manufacture r: K. Mull e r jun. , Memminge n , W es t e rn 
Germany) connected to a Contax camera. Thi s i s a general purpo se device for tel e (and 
portrait) shot s a s well as for close-up magnifications (with an additional near focu sing 
b ellows d evic e) . See picture on page 132. A well de signe d apparatus . 

object distance and that furthermore both these distances together equal 
exactly four focal lengths, the best method is to focus on a ruler 
divided into centimeters until natural size of a section of the ruler is 
obtained. The fourth part of the distance between the object and the 
ground-glass screen is then the focal length. 

The Hyperrocal Distance 

If a lens is accurately focused on a far distant object, the object nearest 
to the camera that is sufficiently sharp lies at the '~hyperfocal distance" . 
The hyperfocal distance depends on the aperture, the focal length of the 
lens and on the standard of definition, or the circle of confusion. Focusing 
at the hyperfocal distance is quite useful and is known as "near to infinity 
fQcusing". If the distance setting device of a camera is set to the hyper
focal distance, everything will be sharp from half of the focal distance to 
infinity. When a miniature camera lens of 50 mm or 75 mm focal length 
is set to 25 feet (= 8 m), everything will be sharp from 12 feet to 
infinity if stop 1 : 8 is used. Our snapshot system (page 21) and the so-
called " red dot" focusing in modern cameras are based on the hyper
focal distance. 
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Arti8cial Light Hints 

VII. ARTIFICIAL LIGHT 

Twenty-one Hints for taking Photographs 
by Artificial Light 

LalUps :for pic ture tak ing 

I Rated Average Mean color 
Lamp 

I 

Watts Lu- life in temperature Country of origin 
mens hours 

(Pearl) No.1 
I 

. 
I 

3200 0 K The Edison Swan Photoflood 275 7500 2 El ec tric Co., England 

275 7500 10 3200 0 K The Edison Swan 
(For Electric Co., England 
co lor 

photo-

No.2 
graphy) 

The Edison Swan I 11000 10 

I 
500 

-
Electric Co., England 

No.4 10 The Edison Swan 
1000 - Electric Co., Eng land 

Nitraphot B 500 11000 100 3200 0 K Osram, Germany 
Nitraphot Br *) 500 11000 100 3220 0 K Osram, Germany 
Ni traphot S 250 7500 5 3300 0 K Osram , Germany 
Photolita S 250 7500 3 3400 0 K Philip s, Germany 
Photoli ta No.1 275 7500 2 3400 0 K Philip s, England 
Photolita N 

I 
500 14500 6 3400 0 K Philip s, Germany 

Photolita No.2 500 11000 6 3400 0 K Philips, England 

Argaphoto B 500 12500 100 3200 0 K 
Philips , Holland 
and Germany 

Argaphoto BM *) 500 100 3200 0 K 
Philips, Holland - and Germany 

G.-E. Photoflood No.1 250 8650 3 3400 0 K General E lectric, U .S.A. 
G.qE. Photoflood No.2 500 17000 6 3400 0 K General Electric, U.S .A. 

Solar Photoflood No.1 250 8650 3 3400 0 K 
Solar Electric Corp ., 
U. S.A. 

Solar Photoflood No.2 500 17000 6 3400 0 K 
Solar Electric Corp. , 
U.S.A. 

Sylvania Superflood 
250 3650 3 3400 0 K Sylvania Electric Corp., 

No.1 U.S.A. 
Sylvania Superflood 

500 17000 6 3400 0 K Sylvania Electric Corp., 
No.2 I U.S.A. 
W.-Photoflood No.1 250 8650 I 3 3400 0 K Westinghouse, U.S .A. 
W.-Photoflood No.2 

I 

500 17000 I 6 3400 0 K 

I 

Westinghouse, U.S.A. 

PS 25 (for color) 500 60 3200 0 K Westinghouse , U.S.A. 

*) With silvered inside for use without reflector 
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I. Photographic lalDps 

There are many lamps for picture taking on the world market of varying 
voltages and wattages and lamps parabolic in shape, the inner surface of 
which is silvered. The British Ediswan lamps have voltages from 100 to 
250 volts, the Philips lamps made in Great Britain are also available for 
100 to 250 volts, the Dutch Philips lamps for 100 to 250 volts and the 
German made Philips lamps for 220 volts . The various American lamps 
are all designed for the standard voltage of 110 volts. The light output, the 
average life of the lamps and their efficiency are, of course, based on the 
relevant voltage. All these lamps, of which a few are mentioned in the 
foregoing list, are normally used with a suitable reflector. Lamp and 
reflector together then form what is in Germany called a "photographic 
home lamp" or home-lamp for short. 

2. The illulDination 

The light of one home-lamp is extremely bright and hard. If the reflector 
(which should always be used) is equipped with a diffuser the illumina
tion will be softer, although one lamp only - even the brightest - is less 
suitable for photographic work than two lamps of lesser brightness. In 
experimenting, it is a good rule never to switch on a second light until 
the position of the main light has definitely been decided upon. When 
the second light is then turned on to brighten the shadows, the subject will 
stand out boldly from its background. The second lamps can, of course, 
be replaced by a well-lit reflector such as a white sheet. As an additional 
fill-in light the normal room illumination can also be used. 

3. About electricity 

Home lamps have a considerable current consumption and the load capa
city of the domestic main supply is often loaded to breaking point 
when too many lamps are connected to it. Although the actual exposure 
takes a few seconds only, the arrangement of a suitable illumination 
takes time. Before buying a photographic lamp it is advisable to examine 
the domestic meter with special regard to the voltage supplied, and the 
amperage available. The voltage of the lamps should correspond to that 
given on the meter. How many lamps can be run off your domestic 
circuit depends on the amperage to which your meter is fused. The con-

sumption of a lamp in amperes = wa;t s • The number of lamps which can 
vo t s 

be run can easily be calculated. For example: The safety fuse of a 220 volt 
circuit is adjusted to 6 amperes (110 volt circuit to 15 amperes). The con
sumption of a 500 watts photographic lamp is 

500 watt s - 21/ ( 500 watt s 4 1/ ) 
220 volt s 4 amperes no v olts = 2 amperes . 

As the circuit is adjusted to 6 amperes, two 500 watts lamps = 41/2 amperes, 
may be used and it will also be possible to switch on one or two sm,all 
domestic lamps. 
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4. The negative IDaterial 

The light of all electric lamps tends to be more yellowish-red than day
light ~ and as our films are more sensitive to blue~ therefore a film (or a 
plate) should be used which enables the full exploitation of the yellow
red light ~ that is to say~ a panchromatic film sensitive to orange and red. 
On an average ~ panchromatic material requires only 1/ 4 to 1/ 5 of the ex
posure time necessary for a high-speed orthochromatic film. Furthermore~ 

the representation of color in terms of grey tones is much more satis
factory than that of ortho-films. 

The tonal However~ two problems have to be solved before any exposure is made. 
values Is it more important to obtain a correct representation of the grey tones 

or to work with the shortest possible exposure time? (This may be 
necessary for night scenes by the available light ~ or photo-reporter~ s 
work). If correct tone representation is of no special importance ~ hyper
sensitive panchromatic film with a high red and orange sensitivity 
(Type III ~ page 39) can be used wi,thout a filter ~ but this material is 
comparatively rare nowadays. If an approximately correct representation 
of all colors is essential (portraits) type I (see page 39) only should be 
used. As has been shown in the table on pa.ge 47 type I is the most suitable 
film as it can be used without a filter~ which would only decrease its 
general sensitivity unnecessarily. However~ even if Type II is used the 
skin-tones will seldom be noticeably pale. 

A good 
idea 
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5. The calibration 0.- the photo-electric exposure IDeter 

Modern photo-electric exposure meters are so calibrated that the ex
posure times indicated may be halved for tungsten light and panchromatic 
film, since the sensitivity to red of the panchromatic film exploits to the 
full the red component of the electric light. This means that a film of 
40 ASA may be used as if it were a 80 ASA film~ provided the film has a 
sufficient sensitivity to red. This is why films with a high red-sensitivity 
(which are rather scarce nowadays) allowed extremely short exposure 
times by artificial light ~ but, on the other hand~ rendered all reddish 
colors (skin~ lips etc.) as being too light. 

6. An exposure table 

The exploitation by the panchromatic film of the yellow-red electric light 
is so good that high-speed lenses are needed only in difficult cases. This 
applies ~ of course ~ only to actual 'home-photography~ where we are able 
to adjust our lamps at will. It is quite different when photographing 
night scenes in a street, etc. where the meagre available light necessi
tates high-speed lenses. For home-photography the following exposure 
table shows that high-speed lenses ~ although they shorten the exposure 
time, are by no means indispensable. 

The table applies to one photoflood lamp (500 watts type) together with 
a reflector and a diffuser. Negative material: a film with a normal or 



Artificial Light Hints 

slightly exaggerated sensitivity to red (types I and II, page 39, 40 A.S.A.). 
Medium object brightness. The exposure times indicated are generous 
and calculated for fine-grain development. 

Distance between Stop Stop Stop Stop 
lamp and sub ject*) f /2 f /3.5 f/4 f /5.6 

3 1/25 1/12 
I 

1/5 
I 

2/5 

41/2 1/12 1/6 
I 

2/5 
I 

4/5 

6 1/6 I 1/3 I 4/ 5 1112 

9 1/ 3 2/3 11/2 3 

12 2/3 I 11/3 3 6 I 

15 
I 

11/4 I 21/ 2 5 I 10 

These exposure times should be shortened: 

For extremely bright objects, and 
Halved for panchromatic films of 64 to 125 A.S.A. 
Halved when lamp is used without diffuser. 

I 

Stop 
f /8 

I 
4/5 

I 
11/ 2 

I 
3 

I 

6 
I 

12 

I 20 

Halved for large sized negatives which need not be developed with 
fine-grain developer. 

The exposure times should be extended by: 

2 times for type S (2.50 watts) bulbs 
5 times for domestic 100 watts bulbs, 

10 times for domestic 60 watts bulbs, 
4 times for orthochromatic (chrome)~ film of 50 to 160 A.S.A. 

for dark objects they should be extended towards the next 
longer exposure time. 

When several lamps of the same output are used at identical distances 
from the subject, the exposure time is determined for one lamp and 
then divided by the number of lamps. If these lamps are used at varying 
distances from the object, the "effective" distance of all the light avail
able should be determined by means of the "Osram Nomograph". Taking 
the "effective" distance as the starting point, the exposure time is cal
culated according to the table applying to one lamp only. 

The Osram Nomograph is a useful aid for determining the exposure time 
when several lamps are used at varying distances from the object. When 
two lamps are used, the "effective" distance can be found by marking the 
distance of one lamp on the arm (a) of the nomograph and that of the 
second lamp on arm (b). Joining these two points by a straight line indi
cates the "effective" distance on the center line ( c). 

*) In actual practice the distance between the camera and the object has no influence on 
the exposure time. However, the exposure should be generous when the distance is helow 
3 feet. 
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The Osram 
Nomograph 

The use of 
domestic 

lamps 

Inexpensive 
reflectors 

o 

5 

a c 

Example: The intersection of (c) 
for one lamp at 3 meters and the 
other at 4 meters distance is at 
2.4 meters, which is the "effec
tive" distance. (In feet: one lamp 
at 9 feet, second lamp at 13 feet, 
intersection at 8 feet, which is 
the "effective" distance). 

When three lamps are used, the 
effective distance is first deter
mined for two lamps, and further 
calculation should be based on 
this distance in such a way that 
the effective distance found is 
marked on one arm of the nomo
graph, while the distance of the 
third lamp is marked on the other 
arm. The correct effective distance 

5 is indicated by the intersection 
with (c). In this way the effective 
distance of any number of lamps 
can be ascertained in stages. 

7. Exposure tilDe when ordinary dOJDestic laJDPs are used 

As a rough guide it may be useful to know that the illumination of a 
portrait with two domestic lamps of 60 watts each yields a satisfactory 
negative when exposed for 1/ 2 to 1/ 3 second at f : 3.5. However, the lamps 
must be very close to the model. 
With a ceiling light consisting of 3 general purpose lamps of 25 watts each, 
an exposure time of one second at f : 4.5 is needed. In both cases the film 
speed should not be below 32 A.S.A. and both the object and the room 
should be as bright as possible. The film should have a panchromatic 
emulsion. 

8. Fill-in (additional) lightinar 

This is often necessary to lighten the shadows. Enlarger lamps of 60 to 
150 watts lend themselves readily for this purpose, especially when used 
in a suitable reflector. Enlarger lamps can also be employed as ceiling 
light or in lamp standards. 
Spotlights are rather expensive, but can be replaced by directing light 
onto the object, with a parabolic (shaving) mirror in order to emphasize 
the sheen of the hair, for instance. 

9. Reflectors 

The collapsible reflectors of silvered cardboard supplied with inexpensive 
sets by Ilford (Pack Flat Lighting Set), Kodak, Kalort, Sashalite Osram 
Vakublitz reflector and others are extremely useful and effective. 
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German Meteor home lamp " Alumin", giv
ing a soft nonglaring light. Reflector is 
painted green on the inside thus reflecting 
a light similar to daylight. 

10. Portraits by artifieiallight 

The human face always has two sides 
which differ - the one is often thought 
a good likeness while the other is not. 
There are also queer variations of illu
mination, some of which may enhance 
the likeness of the sitter and some which 
may have the reserve effect. In portrait
ure the art of success lies in finding a 
harmonious combination of these factors. 

The illumination must be so arranged 
that the head or head and shoulders 
stand out boldly from the background, 
that is to say, the portrait should have 
"roundness in space". This can be achiev
ed only by additional illumination which 
lightens the shadows. By artificial light 
this effect can be obtained by a second 
lamp or by a reflector (a white sheet, 
or even better a large sheet of card·· 

board covered with silver- or tin-foil). It is particularly important to 
make the sitter the main center of interest, and to keep the background 
as quiet and simple as possible. Avoid fancy or flowered wall-paper and 
remove all pictures, ornaments etc. from the background as they may catch 
the light. 

When taking the portrait of a lady, it is highly desirable to obtain a 
smooth, clean rendering of the skin tones; this is not so important in 
portraits of men, especially old ones. The high sensitivity to red and 
yellow of the panchromatic film is one way to avoid those "pockmarked" 
skin textures often obtained with orthochromatic (chrome) films. Another 
way is the use of a soft-focus lens, see page 205. The soft-focus effect is 
described comprehensively on page 161. Panchromatic films with an 
exaggerated sensitivity to red tend to represent the skin, especially the 
lips, too pale. For this reason the highest-speed film is not always the 
most suitable for portraits by artificial light, although it reduces the 
exposure time. A yellow filter should never be used with panchromatic 
film by artificial light as it increases still more the sensitivity to red. 
That means that all red tones become still paler, and the portrait will 
lose all resemblance to the person photographed. If high-speed pan
chromatic film is used by artificial light, a light blue filter will suppress 
the exaggerated sensitivity to red. 

11. A good portrait depends also on the mood of the sitter, who will 
certainly be affected by a harmonious atmosphere produced by the photo
grapher. This is especially important when dealing with ladies. 

Lighting 
~mpa~r~ng 

the likeness 

The tin-foil 
reflector 

" Pock
marks" 

Paler still 
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12. The most accomplished and also the most flattering portraits by 
artificial light are still to be seen at the movies. This is the result of 
skilled lighting and the generous use of dexterous make-up. A dab of cold 
cream will create highlights in a dry skin; lip make-up helps considerably, 
but the real glamor should result from the subject's innate charm, as it 
does in the pictures of films stars. A little make-up may be advisable but 
remains a matter of taste. 

13. In embarking upon portraiture, the most essential equipment is a 
suitable lens of a long focal length (see page 189). This obviates the 
necessity to move the camera too close to the subject in order to obtain 
the head "as large as possible". This would lead to perspective distortions 
(big ears, bulbous noses etc.) or at least, to misrepresentation. 

Focallength 14. Photographers who use a miniature camera with interchangeable 
for miniature lenses should exploit the excellent qualities of lenses with a focal length 

portraits of 90 mm. The very small depth of field of a 135 mm lens is difficult to 
handle, unless it is possible to extend the distance between the camera 
and the subject to, say, 16 to 20 feet, for this increases the depth of field 
automatically. When working in a room by artificial light, however, the 
spac'e available between camera and object is seldom more than 6 to 9 feet 
(2 - 3 m). If the lens is set at this distance, errors of focusing may 
easily occur and will make themselves obvious in the photo owing to the 
lack of depth of field. It is always essential to test the rangefinder by a 
few actual exposures. It may happen that the rangefinder does not work 
accurately at so close a range. The differences which may occur, and the 
reason why they occur, are fully discussed on page 65. 

Lif e size IS. In the highly specialized technique of miniature portraiture, the 
heads free object is to obtain sharp life size portraits absolutely free from grain with 
froln grain a long focus lens. Large-scale enlargements of this kind can be obtained 

when the picture is taken with panchromatic film of 16 to 20 ASA which 
has an inherent fine grain. With two home-lamps even instantaneous ex
posures are possible which vary between 1/4 and 1 second at 1 : 4 according 
to the light available. 

Instantaneous 
shots 

16. In bright surroundings and a convivial atmosphere, which is very 
important and which a cheerful assistant can do much to create, instant
aneous exposures can be made in the course of conversation with two 
lamps of 500 watts each. 

Hypersensitive 17. This is where the hypersensitive film is invaluable. A film of 64 to 
film 160 A.S.A. should allow instantaneous exposures of about 1/30 second at 

1 : 4.5 by two lamps of the photoflood type and gIve a good rendering 
of detail in the shadows. 
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18. However, one home-lamp scarcely makes a home studio. ~Iuch more 
can be done with two lamps, but three lamps are the best possible combi
nation. The 250 watt type is not expensive, but the .500 watt lamp, though 
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more expensive to buy, is cheaper in the long run. The makers give the 
avera.ge life of a lamp and from this the following calculation can be made: 

The time needed for focusing , arrangement of light and exposure can be 
reduced to 3 minutes, but few photographers can do with less than 
10 minutes for each picture . Owing to the short life of the 250 watt lamps 
(which is only 2 to 3 hours) , the use of two of these lamps will prove more 
expensive than that of two 500 watt lamps (with an average life of 
100 hours). The difference is remarkable and the cost of burning of the 
cheaper lamps works out at about 5 times that of the more expensive ones. 
For those who prefer to work by artifi cial light, these costs will rapidly 
become exorbitant, although the smaller lamps are still very useful for 
photographers who take pictures by artificial light only occasionally. 

However, there is another impediment that may occur with the smaller 
lamps. Suppose you have just arranged your favorite model in front 
of the camera. Suddenly one or even both lllay fail you; " Good night, our 
two hours are over, we have finished , don't let this bother you, carryon 
by yourself." 

More 
expenSl,ve, 
but cheaper 

About the technique of flashlight photography, see page 206. photo R . Kopitz 
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19. 
These diagra:ms :may help the beginner 
to understand the art of lighting 

.. ·· .. 1···· .. ·/ / . 

C?/[j 
How not to do it : Flat, unimaginative frontal li ghting 

How not to do it: Ha rd light straigh t from the side 

Soft lighting with two lamps which makes the head stand 

out from the background 
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phot. Seban Reiserer - mInIature camera, 
f = 90 mm, Duto disc, Perutz Rectepan film. 

Seco n d lamp used for back-lighting and spotlight 

Ligh t fro m h e low to give sp ecial effect. U sually impairs 
the likeness 

Doubled ligh t from one side 
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So-called " Rembrandt lighting" . The fa ce i s in shadow, but 
with a bright e dge of light obliquely from above. 

" Holl ywoo d lighting " : Two light s obliquely from b ehind 
one front light to illuminate the fac e. 

So / t /OCLl S 20. Although the negative SIze of miniature cameras IS very small in
and Ininiatur c de ed , it would be a mistake to assume that soft-focus lenses cannot be 

CalltCra used. Apart from the fact that there is a special soft-focus lens for the 
Leica (the Thambar) , portraits taken with a miniature camera and a 
soft -fo cus lens are extremely effective, particularly when women, girls 
and children are being taken. The soft-focus effect should, however, not 
be exaggerated; Duto lens No.1 is most suitable. Fine-grain development 
is, of course, essential. 

About soft-focus effects, see page 161. 
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21. This young lad has obviously a lot of freck
les. It is the orthochromatic (chrome) film which 
exaggerated all the freckles despite the yellowish 
artificial light. 

He was not pleased with this photo so we made 
another one on panchromatic film. The freckles 
are still there, but not emphasized, and thus the 
photo shows a normal boy's face. 

Finally we made the same picture on panchroma
tic film (with 90 mm Elmar), but put a Duto-disc 
No. 1 in front of the lens. What we intended to 
show was how all blemishes of the skin can be 
eliminated without retouching. On the other hand, 
this third photo is not a real likeness of the boy, 
the best one being No. 2 -
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The Teehnique of Flash Photography 

. With a simple box camera and an electronic flash gun, pictures can be 
taken nowadays at a speed of 1/ 5000 or 1/ 10000 second because it is not the 
camera which determines the exposure time but the duration of the flash. 
Flash photography, with consumable flashbulbs as well as with electronic 
flash tubes, has been rapidly accepted by many photographers in the U.S.A.~ 
amateurs as well as professionals, and flashbulbs are sold by the million. 
Modern flash photography has come to stay~ and photographers have 
now learned the finer points of illumination with their "frying pan". 

Immense progress has been made and continues to be made in flash photo
graphy. Many kinds of swift movement can now be analyzed thanks to 
these brilliant and very rapid flashes. Their speed is such that they can 
freeze not only any ordinary movement but that of a bullet in actual flight. 
Photo-reporters and scientists can no longer manage without flashlight. 

There are flash guns of all types n the market, and , their number is 
increasing almost daily. This shows that flash photography has not yet 
outgrown its infancy, and for this reason only the fundamentals of flash 
photography can here be given. 

When trade names are mentioned, they are used only as examples and no 
estimate is made of their value. 

The principal problelD: synchronization 

In the early days of flash photography, the motto of the American press
photographers was: "You have got to be in sync". To "be in sync" means 
that the shutter of the camera has to be synchronized for flash photo
graphy. Synchronization is the automatic co-ordination of the shutter speed 
and the flash. That is to say, the shutter has to open and close again within 
the brief period during which the flash reaches its peak. When the flash is 
at its peak, the shutter must be fully open. All modern cameras are now 
equipped with flash contacts, and old shutters can also be synchronized. 
All good photographic dealers will undertake the synchronization of the 
shutters of older cameras at moderate prices, but synchronization should 
always be done by an expert mechanic, especially in the case of focal
plane shutters which are not easy to synchronize. 

The :flash powder 

Flash powder is a mixture of magnesium or aluminum with certain 
substances which provide the oxygen necessary for combustion. Flash 
powder is cheap and easily combustible. It is even explosive if handled 
carelessly. It produces an open flame and must, therefore, be kept away 
from curtains and dresses of artificial silk. Flash powder can be fired in 
the same way as a flashbulb by electric power, firing tape or the spark 
of a flint. Loose flash powder, however, is rarely used nowadays; it has 
been replaced by plastic capsules containing the flash powder in com
pressed form. 
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The flashbulb 

Flashbulbs are similar in appearance to domestic hulbs and consist of 
a glass containing aluminum foil or wire, which is sealed up in an 
atmosphere of oxygen. While some types of German flashbulbs (Osram) 
are filled with shredded aluminum foil , most of the bulbs of other 
makes use magnesium-aluminum alloy wire. The bulbs contain a small 
quantity of highly combustible paste (primer), which is ignited by a 
filament. Most bulbs have in addition a foil or wired filling, which is fired 
in the same way by means of an electric battery. However, the ordinary 
simple flash-firing circuit is hardly used anymore, but has been replaced 
by the capacitor-firing circuit in which a capacitor is charged by a battery. 
The energy stored in the capacitor is then discharged into the flashbulbs 
as required. 

The greatest advantage of the flashbulb is that the same amount of 
light is always available and consequently the negative IS always cor
rectly exposed. 

Flashbulbs are made in various types and sizes which cover practically 
all photographic requirements. They can be divided into two distinctive 
classes: flashbulbs for between-lens shutters and those for focal-plane 
shutters. 

We know that the whole of the film in the camera must be uncovered 
at the instant the flash reaches its peak. It is obvious that the focal-plane 
shutter requires a special type of bulb because the focal-plane shutter 
exposes the film in narrow strips according to the width of the slit. In 
order to ensure that the bulb remains alight during the whole progress 
of the slit travelling across the film and so prevent only a small strip of 
the film being exposed, a longer flash duration is necessary for this type 
of shutter. 

The fundamental difference between the synchronization of between-lens 
and focal-plane shutters can be explained in this way: 

Focal-plane shutter: The FP-flashbulbs (Focal-Plane) differ in their 
characteristics from other bulbs by their extremely long flash duration. 
Their long lasting light is used in such a way that the shutter cuts out, 
so to speak, a brief period (say 1/ 25 second). The long flash duration is 
needed, as the travelling of the slit across the film during exposure takes 
a considerably longer time than the effective exposure of the individual 
points of the picture. With the Leica, for instance, the shutter speed 
may be set to 111000 second, then the actual travelling time of the slit 
across the film will be 25 milliseconds = 1/ 40 second, but during the 
whole travelling time of the slit the flash must be at its peak as other
wise only part of the image field would be exposed. All modern FP-types 
can be used with all the speeds of synchronized focal-plane shutters, but 
the actual setting of the shutter speed has to be done according to the 
special instructions for the use of the particular shutter in combination 

207 



Technique of Flash Photography 

with flashbulbs. In actual practice the shutter determines the exposure 
time while the flash provides for the light. 

Between-lens shutters: There are also two types of flash bulbs for use 
with between-lens shutters, those with no (or very little) delay to peak 
and those with a definite delay to peak which is usually 13 to 18 milli
seconds. 

Flash bulbs without delay to peak are Philips PFS (with a delay of 
5 milliseconds) , G. E. Speed-Midget (7 milliseconds delay) , Sylvania SF 
(5 milliseconds), Dura SM instant flash (7 ms), Osram FO (9 ms) etc. 
Most of these bulbs have no wire or foil filling at all but the two support 
wires carrying the filament are heavily coated with a primer material 
containing Zirkonium and it is this compound burning in oxygen which 
gives the extremely rapid flash. As these bulbs reach their peak light 
intensity in about 5 to 7 milliseconds - which is about the time that it 
takes for a between-lens shutter to open - it has been possible to fit even 
the simpler types of cameras with contacts ensuring synchronization with 
these high speed midget bulbs. These flashbulbs can be used only when 
the shutter is set to "X" -synchronization (with older shutters sometimes 
" X" and "F" synchronization) and with shutter speeds up to 1/ 50 second. 
The normal shutter speed used is 1/ 25 second, the maximum is 1/100 second. 

Almost all the other flashbulbs on the market belong to the class with 
a definite delay to peak which is internationally known as the "M" -class 
M = medium fast). All bulbs of this class take 13 to 18 milliseconds to 
reach half peak after closing the flash-contacts, and reach full peak in 
20 milliseconds. From the moment of firing, these bulbs need 40 milli
seconds from ignition to extinction, only part of which, however, is photo
graphically effective; with the Philips PF 14, for instance, 10 ms = 1/100 

second, and with the Osram XP or XO, 11200 second. In many cases the 
flash duration determines the exposure time and for this reason it should 
be as brief as possible. A flash of 1/ 50 to 1/125 second duration is short 
enough to "freeze" movements even faster than average. 

These characteristics make the "M" -class flashbulbs suitable for all be
tween-lens shutters no matter whether they are partly synchronized 
(" X" -setting only) or fully or speed-synchronized ("X" and "M" setting). 
A camera shutter that is " X" -synchronized completes the firing circuit 
only when the shutter is fully open. An "M" synchronized shutter makes 
the firing contact between 13 to 18 milliseconds before the shutter reaches 
its full opening, and this is correct for all types of bulb of the " M" class. 
A fully synchronized shutter has both types of synchronization, either 
of which can be brought into use. The "M" -class flashbulbs can be fired 
with "X" -setting and a shutter spe-ed of 1/ 25 second; or with "M" -setting 
and with all shutter speeds available. 
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All this sounds complicated and may confuse the amateur. Practical 
experience has shown that in more than 90 per cent of all cases the shutter 
speed setting at 1/ 25 or 1/ 50 second with "X" -synchronization is sufficient, 
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without danger of camera shake, but it may happen that a shorter exposure 
time is required. For this reason the following instructions may help to 
clear matters: 

Partly synchronized between-lens shutters 
("X"-synchronlzatlon) : 

Shutter speed is set to 1/25 second, the synchro-contact to ~~X": The flash 
bulb is fired when the release knob is pressed down. The flashbulb needs 
about 1/25 second from ignition to extinction. As the full peak of the flash 
falls in the second third of this time, shutter speed should not be shorter 
than 1/ 25 second in order to exploit fully the light emitted. 

Synchro-Compur shutters: The synchro-Iever should be set to "M" and 
left there once and for all - even for daylight photos. ~~M" -class bulbs 
only should be used (Philips PF 1, PF 3, PF 14, PF 25, PF 60; Osram SO, 
S 1, S 2; G. E. Synchro Press No.5, No. S B, No. 22 etc.; Sylvania Press 
No. 25, Press 40, No. 0, No.2 etc.; Westinghouse Synchro Press No.5, 
5 B, 11, 22 etc). All shutter speeds from 1/ 25 to 1/500 sec. can be used. 

Prontor SV (fully synchronized) shutter: Normal setting (for daylight 
photos and exposures with artificial light) of the synchro-Iever to "X". 
For flash photos, this setting can be used with all bulbs at 1/25 second. 
For "M" -class flashbulbs, set the synchro-Iever to the yellow dot ("M") 
and tension not only the shutter, but also the delayed action lever to 
"M" prior to every exposure. When "M" flashbulbs are used with this 
setting, all shutter speeds from 1/25 to 1/ 300 second can be used. 

Prontor SVS (fully synchronized) shutter: Setting to "X" or "M" accor
ding to the flashbulb and the shutter speed to be used. After tensioning 
the shutter no further operation is necessary. The setting can be altered 
even when the shutter is already cocked. The lever may remain on "X" 
or "M" for daylight exposures as well. 

Focal-plane shutter: Use FP-bulbs only (Philips PF 24, PF 45, Osram S 2, 
Dura Flash No. 6 Focal plane, No. 31 Focal Plane; G. E. Focal Plane 
No.6; Focal Plane No. 31; Sylvania No. PF-26, No. 2a Osram XP and XO, 
etc). Flash photographs with focal-plane shutters should be made in 
accordance with the instructions given for the particular shutter. 

As there are no color films which are balanced for flashlight, special 
flash bulbs are made which are tinted to match the flash to the sensitivity 
of either daylight or artificial light color films. Flashbulbs for use with 
daylight color films are tinted blue, those for use with artificial light are 
tinted yellow. 

All the Hash guns on the market are equipped with small or large reflec
tors. Finally, it should be mentioned that correct synchronization and the 
full exploitation of a flash bulb can be obtained only with good and fresh 
batteries. The so-called "deaf-aid" or capacitor batteries of 22.5 volt have 
proved to be quite reliable and will last up to two years. 
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Guide numbers for -various :flashbulbs on the international 

market (See page 212) 

These guide numbers are intended as a "guide" to correct exposure. They 
should be used in the first instance as a basis for testing with individual 
equipment, using a well designed reflector. It is assumed . that the subject 
is of medium tone or color, and situated in an average sized room with 
light walls and furnishings of medium tone. 

The approximate times to peak in milliseconds for the designated classes 
of lamps are: class F = 5 - 9, class M = 20, class S = 30 or more, 
class FP = for focal plane shutters, long, level peak. (Class S bulbs are 
hardly used by amateurs, they are powerful lamps for covering large 
areas and should be used with shutter speeds up to 11100 second, e. g. 
Philips PF 100). 

Flash expos u re guid e n umbe r s. for Kodak Tri-x film 

(Rolls and miniature sizes) 

I· 4 to 5-inch 6 to 7-inch 
I 

I I 8 SM-SF 5 - 25 11 - 40 2 - 22 Focal Plane 
I 

1125 220 160 300 370 
I 

450 

' /50 I 

---- - 31, 2 A 
190 160 280 330 400 11100 - 180 

11100 180 150 240 290 350 
1/ 250 - 110 ---------

I 1/ 200 160 140 180 220 260 
1/ 500 - 80 

1/ 400 120 100 
I 

140 170 200 
- - --- - ----

In poli shed or Lumaclad reflector s . 
Except for No. 11 and 40 lamp s, the se numb e r s al so apply for Kodak Ektalux Fla sh-
older, lamp in normal position. For satin-fini shed reflector , u se 1/ 2 lens opening wider. 

The e l ect r onic o r sp eed :flash 
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The electronic flash has become very popular among photographers. Its 
greatest advantage is that the flash tube need not be replaced after 
every exposure. Modern flash tubes give from 10 000 to 50 000 flashes, with 
a flash duration between 1/ 500 second to 1/ 10000 second. The number of 
flashes that may be fired with one accumulator or battery charge is 
between 100 and 1000, according to the type. The light output, measured 
in joules or watt/ seconds, is sufficiently intense to allow the use of rela
tively small stops, so that the risk of un sharp pictures through errors of 
distance setting is decreased. Electronic flash units used to be very heavy 
but there are now electronic flashguns for amateur photographers which 
have an average light output of 50 to 100 watt/ seconds and are relatively 
light in weight and quite easy to carry about. 



An excellent example of modern flash photography taken by Mauritius-Graphic House 
U.S.A., with electronic flash. The decisive moment is correctly timed, although the little 
mouse may differ from this opinion. 
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I 
Film speed for 

Class of Shutter 
tungsten light 

Type of flashbulb I 40 A.S.A. = 27° 
flash bulb speed B.S.!' 

I = 17/10° DIN 
--- - ---- - ---

Mazda S~1 F or X 

1 
70 

G.E. SM F or X 70 
G. E. No.3 F or X 1125 -

Philips PFS F or X ~ 1/ 50 65 
Sylvania Speed Flash SF F or X I I 80 
Dura Flash SM F or X J 70 

I 
Philips PF 1 M 

t Philips PF 3 
I 

M 1/ 25 - I 

Philips PF 14 I M 1/ 100 90 I 

J Stella SF 14 M 65 
. 

Phili ps PF 25 M 1/ 25 130 . 
Stella SF 25 M 11100 90 

I 

1/ 250 60 
--

Mazda No.1 } 
G. E. Synchro Press No . .s 

I 
1/ 25 160 

Dura Press Flash No. 5 M 1/ 100 130 
Sylvania Press No. 5 1/ 250 90 
Westinghouse Synchro Press No.5 

Philips PF 38 

I 1 
1/ 25 165 

G. E. Synchro Press No. 11 
I 

Sylvania Superflash No. 0 ~1 

f 
Sylvania Press 40 1/ 250 85 
Dur·a No. 11 Press Flash 

-----

Philips PF 60 
Stella SF 60 1/ 25 220 
G. E. No. 22 1/ 100 140 
Mazda No. 22 M 

1/ 250 100 
Sylvania Super Flash No.2 

1/ 500 85 
Dura Press Flash No. 22 
Westinghouse Synchro Press No. 22 I 

----- - I 
Philips PF 3 I ) 1/ 25 64 
Sylvania Banta M I } 11100 50 
G. E. M - 2 } pinless 1/ 250 32 
Amplex PF 2 M miniature 

I I J 

With electronic flash, the light is formed in a tube contaInIng a rare gas 
which usually acts as an insulator. However, high electric pressure will 
break down and ionize the gas and allow a flow of current through it. 
The strong current is obtained from a power pack (accumulator, battery 
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or mains supply), stored and discharged by a capacitor. The intensity of 
the light is a function of the strength of the current. A trigger device 
allows the capacitor to discharge the heavy voltage through the tube, 
causing a flash approximating in color to daylight. The duration of 
the flash depends on the capacity of the condenser and of the circuit 
leading to the flash tube. As the length of the exposure is governed 
entirely by the flash duration, and as most of the electronic flash guns 
work without delay to peak, only the HX"-setting of the shutters should 
be used for all shutter speeds. 

Electronic flash guns are expensive, although recent introductions to the 
market have shown a considerable decrease in prices. New flash tubes 
can be fired by a relatively low voltage. Mazda Xenon flash tubes 
FA. 10 and FA. 12 have been specially designed for working on an 
ordinary radio high tension (voltage) battery and a capacitor, so making a 
very simple control unit. The use of h. t. batteries and electrolytic capaci
tors have made this lowering of the prices possible. The Swiss inventor 
Rebikoff, who in his laboratory has succeeded in achieving flashes of 

photo Me ie r-Hirscllb e rg 
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1/1 000 000 second, has pointed out that several photographic and other 
journals have published instructions for home-made electronic flash guns 
which would inevitably cause the death of the constructor. Electronic flash 
guns should be made only by men who are .used to working with high
tension electricity. 

Owing to the reciprocity law failure, high speed films are usually less 
fast for electronic flashlight than films of a slower speed. In actual 
practice, all flash photographs should be developed 30 to 50 per cent 
longer than films taken by other kinds of light. Either an extended 
development or opening the diaphragm by 1/ 2 or even 1 stop will give 
normal gradation, normal developing time and normal grain. E x t ended 
developing time entails the risk of a steeper gradation and a coarser 
grain. For color photos with an electronic flash daylight type color film 
should be used, as the bluish flash approximates in color to daylight. 

Exposure ti-m.e for electronic flashlight 

Using the system of guide numbers, one has evolved a simple way of 
finding correct flash exposures, provided that the guide numbers given 
by the manufacturer of the electronic flashgun are correct, which un
fortunately is not always the case. What must be determined, of course, 
is the stop number; according to the equation 

guide number 

distance 
= stop number 

Note that the distance between the flash gun and the subject must be 
considered, not the distance between the camera and the subject! Sup
pose the manufacturer of the electronic flash has given 160 as the guide 
number for his particular flashgun for a 40 A.S.A. film and the distance 
between the flash and the subject is 10 feet, then 

160 

10 
= 16 , 

which means that the stop required is f: 16. For color film of about 
12 to 16 A.S.A. the guide number would be about 40 and consequently the 
correct stop f : 4 while for high-speed film of 160 A.S.A. the guide number 
would be about 220, which would result in stop 22 at the same distance. 
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* 
The field of flash photography has extended so rapidly recently and 
flash equipment of all kinds on the -market is constantly changing that it 
is impossible to give a comprehensive survey in one chapter of this book. 
When in doubt, the reader should ask his or her photographic dealer or 
the manufacturer of the camera, for which it is intended to purchase a 
flashgun. 
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VIII. COLOR PIIOTOGRAPHY 

The following chapter represents only a sum
mary of the most important facts relating to 
color photography. A comprehensive text
book on this comple:( problem by the same 
author is published by Heering-Verlag under the 
title ~~SCHULE DER FARBENFOTOGRAFIE". 

Whatever process of color photography is used, good results can hardly 
be expected without some knowledge of its principles. There are physic.al 
and especially physiological facts w"hich in themselves have no relation to 
black and white photography, but which are of fundamental importance in 
color photography. These interrelations between photography and the 
photographic representation of color have only recently been discovered 
and have become general knowledge thanks to the spread of color photo
graphy. They are, perhaps inconsistencies rather than interrelations: there 
are two things in contrast to each other, on the one side the sober physical 
principles and on the other side the subjective physiology of "seeing". The 
discrepancy is obvious, but, none the less, physics (that is, the color 
photograph) has to produce what we wish to see. Here is the physiological 
(and psychological) side of the problem. 

Man does not see colors objectively correct, but arbitrarily and 
schematically. 

2]6 

Behind the optical apparatus of the human eye is the interpreting brain. 
Here electro-magnetic impulses are interpreted as light and color. This 
means that this process is no longer physical or technical, but an imagina
tive creation in the central nervous system. This pre-supposes that the 
interpretion of light and color will be subjective and cannot be compared 
with the correct indications of a physical recording mechanism. We can 
prove that the biological phenomenon of "seeing" is a liberal and arbitrary 
interpretation of physical processess. 

Thus the situation in color photography is this: on the one hand, man 
lacks an absolute chromatic sense, on the other hand we are compelled 
to work with a physical instrument ~~camera plus color film" which are 
representatives of physical accuracy. 

.tl 
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These contradictions must be eliminated if the physical means of color 
representation is to be identical with our own very subjective interpre
tation of color. He~e the question arises: in what way and according 
to what standard is our vision different from that of physics? 

To a certain extent the different standards of human vision and physics 
are already approaching each other in the modern color film, for the 
latter adapts itself to our standard, that is to say, to the standard of 
sunlight. This implies that color film is first and foremost designed for 
fin e-weather photography. In any other conditions, the problem re-creates 
itself and the result will be questionable. The ideal solution, therefore, 
would be universal color photography. The manufacturers of color 
films are cautious, they say: " Take color photographs by sunlight if 
possible, although a subjectively correct color representation may also 
be achieved without sunlight." 

They cannot say more, honestly, because these ~~cases" without sun are so 
bewilderingly varied that the majority of them are virtually "forbidden 
ground" in color photography, and for this reason: We say, for instance, 
that this or that thing has this or that color. However, this unconditional 
way of determining a color is wrong. Everything on earth can adopt only 
a temporary coloration according to the color of the light by which it is 
seen. This seems clear, but the hitch is that we don't see these colorations, 
or very little of them. We interpretate them into our own subjective 
colors, the colors which are dictated by our brain (a process of adap
tation which lasts a few seconds only). We see according to a "scheme", to 
the well defined scheme of our standard, the standard of sunlight. For this 
reason co lor films are adapted to direct sunlight, and as we see subjective 
co lors - (which means colors seen by a light of quite different com
position - we are sometimes surprised to observe a total discoloration in 
our pictures, that is to say, a color cast. 

Universal color photography would imply a process able to eliminate 
color casts, or one which would secure pictures without a color cast, 
even when the daylight has not the correct color temperature. This 
would be progress indeed. 

When talking about color casts, we mean the spectral color cast and 
not the one which is an inherent part of the emulsion and cannot be quite 
eliminated. 

This is another cogent reason for eliminating the subjective source of 
error, especially in the negative-positive process (the image on paper), 
since the possibilities of correcting color balance during processing is 
limited. A correctly exposed and processed negative will always give the 
best results. 

Daylight is a real eham.eleon 
A study of the physical facts discloses that daylight does not change slightly 
during the day, owing to the position of the sun, the weather or atmo
spheric conditions, but has an extremely variable quality. These changes 
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take place within minutes and result, of course, in corresponding changes 
in all basic colors. 

The color of an object (even that of the finest anilin dyes) becomes 
apparent by its absorbing part of the "white" mixed light and reflecting 
the remainder. However, reflection is possible only of something that 
actually exists in incident light. If this changes, all color reflections will 
change also; but to what extent? 

Direct sunlight has an average color temperature of 5500 0 I(elvin (ac
cording to the British physicist Lord Kelvin, who measured luminosity 
in degrees centigrade above the absolute zero point of - 273 0 C). If direct 
sunlight does not radiate any red rays and the blue light of the sky 
predominates, whether the sky is blue or appears a uniform grey, the 
color of the light changes considerably. The color temperature of 
daylight may rise to 12 000 0 K with a high, grey sky and even 26000 0 I( 
have been measured. Such conditions would bring about a "blue cast". 
In contrast of this, reddish colored light (as at sunrise and sunset ) will 
flood everything with a red cast of about 2000 0 to 4000 0 K. Sometimes 
the weather is such that the light has approximately the saIne color 
temperature as the sun, as will be seen later. 

This decisive point 

cannot be emphasized too strongly that on the one hand color is a 
physiological sensation, the appreciation of which may vary considerably 
from one individual to another in such a way that a color may be 
called " natural" or "unnatural"; and on the other hand there are color 
variations produced by the inconstancy of daylight. 

Recognizing the fact of the constant changeability of daylight, we have 
to admit, not that the modern color film is an inadequate product, 
suitable only for direct sunlight, but that mankind is not yet "ready", 
so to speak, because we persist in seeing colors in our conventional and 
prejudiced way. What is called the color of an object is its apparent 
color when illuminated by white light. Seeing color is a psychological 
sensation with which we have to manage somehow - and with the 
physical means available to us which eventually will involve us in error. 

If we will not rest satisfied with sunlight color photography, we must 
learn all the possibilities of working without sunlight and what auxiliary 
aids exist to obtain "natural" colors. In theory, any color cast can be 
eliminated by means of complementary color filters , if - there's always 
an "ir' - we know which kind of light is predominant, and this is just 
what we can scarcely ever know "(with the exception of sunlight). 

What we have to do is to control the inconstance of daylight. There are 
color temperature meters on the market, but they are expensive. They 
can be a valuable aid when used with understanding. The color finder 
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on the reverse of the Sixtomat x 3 is not a meter, but an entirely new 
and very useful color "finder" which enables users to determine quickly 
color temperatures of 2600 0, 3200 0, 4000°, 5800 0 and 10000 0 Kelvin. 
It consists of a folding pocket of transparent plastic containing a number 
of color fields, two of which always produce the same color impres
SIon; different color temperatures producing different color com
binations. 

It should be mentioned that this little instrument IS a useful aid, but 
not the solution of the problem. 

AtlDosphere, altitude of the sun and weather 

are the three main factors which determine the prevailing color of 
daylight. Let us examine two extremes. From late afternoon onwards 
daylight becomes more and more reddish even when the sky is over
cast. The reason is that the sun is at a low altitude and its obliquely 
falling light has to penetrate a thicker layer of dust, soot and "smog" 
than at noon, which has the effect of millions of small reflectors produc
ing a dispersion of the long-wave part of the sunlight. The blue rays are 
almost entirely absorbed. This is why the dispersed light is mainly 
reddish. 

The other extreme: the light of the pure blue sky, without direct solar 
radiation, may in the shade reach a color temperature of more than 
12,000 0 K. The reason is that in pure air the short-wave portion of white 
light is dispersed by the molecules of the air. A layer of clouds at a 
high altitude will scarcely ever impair this dispersion, but clouds at a 
low altitude may easily keep down the color temperature to the stan
dard 5 - 6000 0 K. 

This proves that direct sunlight is ideal, while indirect sunlight is of vari
able usefulness. Universal color photography is impaired less by photo
graphic difficulties than by the atmospheric and weather situation. Ex
perience and accurate judgment of these circumstances, however, can still 
lead to quite reasonable results. 

Color Photography in Actual Practice 

The following remarks are the logical sequences of the observations above. 
They apply to all color photographic methods, both reversal films and ne
gative-positive processes and even to photographs taken with the so-called 
"three-color camera", by which color separations are made. For parti
culars of the internationally used color processes, see "Schule der Farben
Fotografie" hy Heering-Verlag, Seebruck am Chiemsee. 
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Exposure 

I. The speed 0.- color :fiIIOS 

The exposure of reversal films must be as accurate as possible. For re" 
versal films, the exposure depends upon the brightness of the brightest 
highlight to be recorded, while in the negative process it depends upon 
the depth of the deepest shadow. The exposure latitude of reversal film 
is less than that of color negative film. 

The speed of most color films (reversal and negative) is about 12 A.S.A. = 
22 0 B.S.!. = 10 Weston = 12/ 10 0 DIN. As color film is made to be used 
in direct sunlight, this speed rating will apply only to exposures in 
bright sunshine. A safe way out is to set the exposure meter to the next 
lower speed when there is no direct sun light, that is to say, to 10 or 
8 A.S.A. (20 0 or 21 0 B.S.I.). If an exposure meter IS not available, the 
exposure times should be doubled for: . 

photographs with a great deal of green 
exposures in the shade 
exposures inside rooms or houses 
exposures of objects of medium brightness 
exposures of object with heavy contrast (which should be avoided as 
far as possible) 
exposures with back-light (see below). 

The best way to secure good color photographs is to make two or three 
exposures each with half a stop smaller and larger than that indicated 
by the meter. 

2. Measuring with an electric exposure IOeter 

The practice of taking meter readings from the camera pOSItIon should 
be abandoned. A reading should be taken from the position of the sub
ject towards the camera. Modern electric exposure meters are especially 
suited to these "incident light" readings. They give satisfactory results 
if the readings are made halfway between the main source of light and 
the camera. For colors films five times the exposure indicated should 
be given. 

3. For close-ups and close-up IOagni:6.cations 

the longer extension of the camera (by bellows or extension rings) should 
be taken into account, as it absorbs much of the light. (See pages 179/ 192.) 

4. ExtreIOes 
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Objects of extreme brightness (wide areas of snow) or extreme darkness 
(exposures at dusk) must be exposed for a shorter or longer time than 
the exposure meter indicates. (See hint 18, page 57.) 
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5. With an exposu.·e table 

This is the exposure table by Agfa, based on a film speed of 12 A.S.A. = 

22 0 B.S.I. in which the reservations mentioned under (1) are not included: 

Exposure time 
Sunshine 

Slight Partly I Overcast or 

always 
1 I 

second haze overcast sky sun 
/ 50 

I 
in shade 

I 
Beach, high mountains, snow 11 8 5.6 4 

I 

Op en landscapes, sunny streets, 
8 5.6 4 2.8 open squares 

Outside portraits, landscapes 
5.6 4 2.8 2 with foreground, streets 

I Portraits in the shade 
I 

I or in gardens 4 
1 

2.8 2 2 
I 1 

This table holds good for the months from May to August and from 
10 a. m. to 5 p. m. It is useful for negative color film, but for reversal 
film an electric exposure meter is preferable. Another reliable exposure 
table for the British P akolor film is the following: 

DAYLIGHT EXPOSURE TABLE for PAKOLOR film TYPE D 
(Speed rating 12 A.S.A. = 22 0 B.S.I. = 10 Weston = 12/10 0 DIN.) 

Beach 
Scenes, 

Snow 
Covered 

Landscape s 

1 
I 
1 

Open Landscapes 
Landscapes with 

Squares ' Foreground, 
and Portraits 

Streets In 
the open 

2 3 

I 
I 

Portraits 
in the 
Shade, 

Buildings, 
Narrow 
Streets 

4 

• 

Landscapes 
with dark 

Foreground , 
Portraits 

in the 
shade of 

High Buildings 
or Dark Trees 

I 5 

WINTER 

---I-f-/2--
I
-f-f~-~--'I-i--l-/8-0-0 --1---:;-::-:--1--:-;:-::--1--:-;-::-: --1----:;-::-0---�-f-/-2-.l----

f /2 I f/2.7 I f '3,5 I 1 / ~ 00 1/200 1/100 1 1/50 1/ 25 -f-/2.7 f /2 

---- -----1------1------1------1--------1--- ----1---I f /2.7 f /3_5 I f --1,.5 1/2 00 1ltoo 1/50 1/ 25 1/10 f /3.5 f/ 2.7 f /2 

-f-/ 3-.5-
1
--f-I--1,-.5-'I-f-/6-.8-1 1/100 1/50 1/25 I l ito I 1/5 I f/ -!.5 \ f ,3.5 f /2.7 

f/4.5 f/6.8 I f/8 1 1/50 1/25 I 1/10 1 lis 1/2 f /6.8 f/4.5 f/3.5 
1----11---1

------- - ---------- -----i\---
f /6.8 f /8 1~--1-/-2-5 --~--1/-~--I--I-Is---I---1/-2--I---l---- f -B -I f /6.8 f/ 4.5 

---,,--
fiB f il l l ito 1/5 i 1 
----- ---1------------

fill 1 ______ : ___ 1/_5 ____ 
1
_/ 2 ___ 1 __ 1 ___ 1 __ 2 ___ 1 

I I 1 1/2 1 I 2 

SUMMER: May to August, between 10 a. m. and 4 p. m. 

WINTER: September to April, during hours of good light. 

4 

2 f 11 1 f '8 f /6.8 

___ 4_____ 1___ _f_/l_l __ l_f_/8_ 

8 I I f Ill 
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Tables of approx ilDately c orrect e x posure times 
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For Kodacolor daylight film 

Shutter speed 1/ 50 seconds 

Stops to be used 

Type Frontal Side- or back Hazy Cloudy Open 
of subject sunlight bright sunlight sunlight bright shadow 

Light f : 16 f : 11-16 f : 11 f:8 f: 5.6 
Average f : 11 f : 8 - 11 f : 8 £ : 5.6 f : 4(4.5) 
Dark f : 8 f : 5.6 - 8 f : 5.6 f : 4(4.5) £ : 3.5 

For Kodachrome dayligh t film 

Light f:8 f : 5.6 - 8 f : 5.6 f:4 f : 2.8 
Average f : 5.6 - 8 f : 5.6 £ : 4 - 5.6 f: 2.8 - 4 f : 2 - 2.8 
Dark f : 5.6 f : 4 - 8 £:4 f : 2.8 f:2 

For Ektachrome daylight film 

Light f:8 f : 5.6 f : 5.6 f : 4.5 f : 2.8 or f : 3.5 
Average £ : 5.6-8 f : 4.5 £ : 4.5 £ : 3.5 f:2 or £ : 2.8 
Dark f : 5.6 £ : 3.5-4 f: 3.5 f : 2.8 £ : 1.5 or f : 2 

but 1/ 25 sec. 

For Anscochrome daylight fi lm 

Light f: 11 - 16 £ : 11 f : 8 - 11 f : 6.3 £:4.5 
Average £ : 11 £ : 8 - 11 f: 8 £ : 05.6 f:4 
Dark f : 8 - 11 £ : 11 f : 6.3 f : 4.5 £ : 3.5 

Illumination 

6 . In contrast to black and white photography, color photographs 
should have as little shadow as possible and only moderate contrast, 
otherwise the dark parts o£ t h e picture will be under-exposed. This does 
not, however, exclude exposures of bright objects which cast a relatively 
bright shadow. Therefore, 

7. B aek-Light Photographs 

are w"ell within the scope of color photography, especially those o£ 
bright objects with warm colors·.or when warm colors ar e reflected, so 
that there is no risk of a blue cast in the shades. The shadows o£ small 
and medium sized objects can be lit up by means of a mirror which pre
vents the appearance of a blue cast in the shadow. Such a reflector can 
be made o£ a piece of cardboard covered with tin foil. 
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Correct Color Representation 

8. Correct in this instance means correct in the sense of the "natural 
color" which is perceived by our brain. Color representation will be 
correct when the color temperature of daylight is as near as possible 
to the 5500 0 Kelvin to which the color daylight film is sensitized and 
which is the standard of colors as we understand them. 

Let us separate the possible cases in two parts, those gIvIng "a safe 
color representation" and those in which this representation is "subject 
to conditions". 

9. Safe: In the direct sunlight with the sun at a medium altitude 
with a slightly overcast sun 
in rainy and foggy weather (!) 
in the dusty atmosphere of industrial and large cities, 
even without sun. 

Subject to conditions: in the shadow with bright sunlight 
with a high grey cloud layer 
with backlight 
in doors (especially near the window). 

In these latter cases a more or less noticeably blue cast must be expected 
(see page 218). Sometimes the blue cast can be avoided or at least re
duced, as when, for instance, the object contains mainly warm colors 
(red) or when warm colors are reflected on to it. Another possibility 
is the illumination of the object by means of very strong lamps (although 
care must be taken that parts of the object do not become reddish and 
others bluish) or by an electronic flash. Finally, compensating red filters 
can be used. For rooms with white walls and a white ceiling, relatively 
dense red filters will be necessary, although the density of the com
pensating filter must be decided by experimenting with filters of various 
densities since the variations of the color of the light are manifold. 

10. Color TelUperature Meters 

If the advice on taking color photographs by sun only is not adhered 
to, which means a deviation from the normal 5500 0 I(elvin, the human 
eye will not be able to judge the predominant color temperature. For 
this reason color temperature meters have been designed. To mention 
only a few, there is the Ashcraft-Color-Photometer in U.S.A., the British 
Megatron, the Swiss C.T. meter "the Rebikoff", color attachment for 
Weston Master Meters put out by Harrison & Harrison, Hollywood, Cal., 
which reads degrees Kelvin from 2800 0 I( to 30.000 0 K and evaluates 
color-temperature readings directly in terms of Harrison Light Corrector 
Discs, the General Electric PC-I, the British E. E. L. etc. The German color 
temperature meter "I(elvicolor" by Gossen (makers of the Sixtomat) 
should also be mentioned, as it has the special advantage of being In-
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dependent of intensity. These instruments are certainly a useful aid, but it 
must always be borne in mind that they measure the color spectrum of 
light sources (sun, sky, artificial light) but not the actual color of objects 
or their reflected colors. These frequently have a rather complicated effe ct 
and cannot be measured. 

11. Color Cast o:f the EIDulsion 

Variations in the color characteristics of color emulsion cannot be 
avoided. These variations are not always identical with the color cast, 
but if a whole series of photographs has to be taken, it is a good plan 
to make sure of the color characteristics of the batch of film with which 
one intends to do the job. The whole work can then be adapted to this 
particular emulsion, and any color cast be prevented by the use of 
special filters, or by the omission of that filter which would have been 
necessary if its color had not already been predominent in the emulsion. 

12. Correction o:f Color Casts 

If the film has a bluish overcast, a thin sheet of yellow cellophane can be 
bound up with the slide; if a yellow tone prevails a blue sheet can be used 
(i. e. the complementary colors). These sheets can be bought at art supply 
stores. Spots can be corrected by putting a cleared sheet of film over the 
slide and applying with a fine brush any household dye like Tintex or 
food colors which can be mixed to obtain any desired shade. The dyes 
behave better if the solution is slightly acid (5 %). With most of the 
American films color casts are avoided by using special filters during 
the exposure. The chemicals mentioned above can be used only for 
reversal or positive films but not for negative color materials. The new 
Lifacolorlux meter combined with an exposure meter indicates a special 
Lifa filter for every exposure which eliminates the color cast. 

Sundries 

13. Transparencies :for color negatives 

The Agfacolor negative-positive process, the Pakolor, I(odacolor process, 
and other negative-positive methods are suitable not only for making color 
prints on paper but also transparencies. However, making a color negative 
by contact printing from a color transparency is not yet possible. 

14. The Technique of Color Printing on Color Paper 

is dealt with in a later chapter of this book. 

15. Black and White Negative. :froID Color Tra~sparencies 

The well-masked transparency is enlarged on to a panchromatic plate. 
Owing to the short exposure time, the lens must either be stopped down 
considerably or the enlarging lamp must be replaced by a general purpose 
bulb of only 15 watts. 
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Artificial Light and Flashlight 

16. With Photoflood LaJUps 

In color photography by artificial light it is important to avoid extremes 
of subject contrast. In general, the best color rendering is obtained with 
lamps with a color temperature of 3200 0 1(. It is advisable to illuminate 
the scene as evenly and as softly as possible. It is not advisable to mix 
different forms of illumination or light sources having different color 
qualities. Mixing daylight with photoflood light should be avoided. Only 
color film for use with artificial light should be employed. The color 
balance of these films is generally adjusted for light sources of 3000 0 to 
3400 0 Kelvin. One photoflood la'mp is not always sufficient to provide a 
uniform illumination. If a second lamp is not available, at least a silver 
reflector (cardboard covered with tinfoil) must be used to light up the 
shadows. With two lamps at a distance of 6 feet (2 m) from the subject, 
the average exposure time for Anscochrome film should be about 1ho to 
1/25 second at f : 4.5. 

EX P OS U RET AB LE for Color Negative Films for Artificial Light 

(S pee d: appro 16 A.S .A. = 23 0 B.S.I. = 13/10 0 DIN. - Agfacolor. Gevacolor, Pakolor , 
Koda color e t c.) 

2S0 SOO 1000 DISTANCE IN FEET 
WATT WATT WATT 

I 

-

I 
3 4 6 8 11 16 

I 

1/200 I 
I 

I £12 1/ 100 1/ 50 1!2 j I h o 1/ 5 
I 

I 
I 

~ 

£12 I f/2 .7 1/100 I 1150 1/ 25 1/ 10 1/ 5 112 
I 

f/2 f/2.7 I f/3.S 1150 I 1/25 I 1/ 10 I 1/ 5 1/ 2 1 
-

I 
f/2.7 f/3.S f/4 .S I 1/2'5 Ih o 115 1/ 2 1 2 

I 

f/3.S 
I 

f/4.S 
I 

f/6.8 1/ 10 
I 

1/5 1/ 2 
I 

1 2 4 

f/4 .S I f/6.8 f /8 1/5 
I 

1/ 2 1 I 
2 

I 
4 8 

f/6.8 f /8 fill 1/ 2 1 2 I 4 8 16 
I -

£18 fi ll 
I 

I 1 2 I 4 
I 

8 16 32 
-

fi ll i I I I 

17. With Flash light and Light provided by Arc LaJUps 

For electronic flash guns which have a color temperature of approx. 
6000 0 I(elvin, daylight color film should be used; the same applies to 
the white light of arc lamps burning high intensity (Beck) carbons, which 
have a color temperature of about 5500 0 Kelvin. In order to avoid 
under-exposure, the exposure for color negative films should be in
creased by one stop over that indicated by the correct application of the 
guide number for black and white film of the same rated speed (The 
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speed rating of Agfacolor film has recently been given as A.S.A. = 

25 0 B.S.I. = 20 Weston = 15/10 0 DIN). For Agfacolor reversal film, the ex
posure indicated by the guide number for black and white film should be 
increased by one and a half to two stops when using electronic fHash light. 

If daylight color film is used with flashbulbs , blue colored bulbs must 
be used, while for artificial light film the flashbulb should be yellow. 

GUIDE NUMBERS FOR FLASHBULBS 

Pakolor FILM TYPE D Pakolor FILM TYPE A 

BULB (blue) GUIDE NUMBER BULB (yellow) GUIDE NUMBER 

Open Flash or 
1/ 250 

Open Flash or 
1/ 250 

1/25 or 11s0 1/25 or 11s0 

Philip s PF 25/97 
Philips PF 25/98 130 

~-

or Stella SF 25 40 20 Philip s PF 60/98 100 50 

Philip s PF 60/97 Philip s PF 100/98 60 30 
or S telIa SF 60 80 40 

Philip s PF 100/97 
Philip s PF 24/98 50 25 

or Stella SF 100 100 Philips PF 45/98 100 50 

Philip s PF 24/97 G.E.22 100 50 
or Stella SF 24 40 20 -

G.E. 5 or Mazda 5 50 25 
Philip s PF 45/97 

or Stella SF 45 70 35 G.E. SM or Mazda SM 30 

18. Elect.eo nic Flash and Color 

In Norman Hall's " Photography", Mr. Pilkington quite correctly explained: 
"Given a sufficiently large outfit, electronic flash must be the ideal answer 
to the color photographer's lighting problem. The larger outfits (200 to 
400 watt/seconds) may well prove adequate for use when the area of 
subject matter is small and light in tone, and when really wide apertures 
can be employed, as with miniature equipment, but in all other circum
stances the output should be reckoned in thousands of watt/ seconds, if it 
is to be effective. After all , it is usual to think in terms of hundreds of 
wutt/ seconds for black-and-white - color dern.ands very lUnch. lUore." 

This is true. For the normal 90 - 100 watt/seconds amateur outfit the expo
sures should be: 

Distance between flash and subject: Diaphragm: 

3 feet (1 m) 1:8 to 1 : 10 

6 feet (2 m) 1:4 to' 1 : 5 

9 feet (3 m) 1 : 2.5 to 1 : 3.5 

13 feet (4 m) 1:2 to 1: 2.5 

16 feet (5 m) 1 : 1.6 to 1 : 2 
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19. Anscoehrom.e Daylight Re-versal Film. and Flash 

The color balance of Anscochrome daylight is adjusted for a color tempera
t ure of about 6000° I( (sunlight plus skylight). It can be used with blue 
fla shbulbs or electronic flash. The use of blue flashbulbs requires no cor
r ective filtration to adjust the color balance. Good balance may be obtain
ed with electronic flash without filtration , however, the critical worker 
may want to use a UV-15 filter to counteract the slight blue quality of 
e lectronic flash equipment. In the case of regular flash , there is little 
a dvanta ge in experimenting with clear flash and filters since the blue 
bulbs will give ex cellent results. 

Projecting Color Transparencies 

20. Mounting color slides 

As tiny dust particles on a transparency are enlarged enormously by the 
p rojector, the transparencies should be properly mounted. Frames and 
cover glass es are available and are easy to handle. Before starting to 
make the slide, the cover glasses must be thoroughly cleaned with a chamois 
l eather and methylated alcohol. 

21. The projection screen 

Projected color transparencies excel by the beauty of their impressive 
a n d saturated color in a way which can never be achieved by a color 
p icture on paper. This beauty can be enhanced to a considerable degree 
by the size and the quality of the screen. Makeshift and cheap screens 
are an ill-advised economy. A really good screen should have a uniform 
b rightness which does not decrease laterally away from the center (which 
is the case with silver screens) . 

22. Newton's rings 

may o ccur when the transparencies slightly overlap the cover glasses. 
When projected, they become warped and form colored patches on the 
screen (see page 159). The transparencies should be cut along the glasses 
with a sharp pen-knife. In serious cases Kodak recommend rubbing the 
glass surface next to the back of the film with fine pumice powder (00) 
and a piece of cotton-wool. 

Color films in tropical countries 

Photography, especially color photography, in tropical countries is faced 
with difficulties which are unknown in temperate regions. The chief 
trouble is due to the fact that high temperatures and humidities are 
unfavorable to the life and performance of sensitive materials. If the 
recommendations made below are followed with care, there is no reason 
wh y color photography, at least in a hot dry desert climate, should 

227 



Color Photography 

228 

not result in good pictures. However, for those travelling in countries 
where not only high temperatures but also excessive humidity are found , 
no responsibility can be taken for any possible damage to color films and 
the consequent poor results, even though the precautionary -measures 
recommended below are strictly adhered to: 

1) When purchasing color films, the fact that they are for tropical use 
must be emphasized. 

2) It is a good plan to buy only as many films as are needed for 
immediate use, while further requirements should be sent by au 
mail to the place where they will probably be used. 

3) Exploratory expeditions are advised to order as much film material 
as they will need for a week's use and to pack them in a tin container 
(which should be soldered up in dry air), in order to keep the film s 
In conditions of normal humidity for as long as poss ible. 

4) If closing the tin by soldering is impossible, insert the films in to 
jam jars which can be closed with a rubber ring a~d a spring-loaded 
cap. Pack the films together with a quantity of indicator silica gel 
or dry grains of rice, both of which absorb moisture. Prepared drying 
units are available from the Davison Chemical Corp., Baltimore, l\tJ:d. 

5) Owing to the severity of tropical conditions, it is obvious that 
particular care should be taken to remove exposed color film from 
the camera as soon as possible; for , still in the camera, the film 
is exposed to all the ravages of the climate. The useful life of Agfa
color film loaded in a camera is not long, and deterioration will 
proceed much faster than in its tropical container. 

6) Exposed films should, therefore, be returned to their jam jars 
immediately, but, of course, carefully separated from the unexposed 
ones. 

7) Exposed films should be sent to a processing plant without delay as 
color films are especially prone 'to damage by heat and moisture 
after exposure. Air mail is recommended. 

8) Storing facilities: the store room if possible should have a temp era
ture of 59 0 F to 77 0 F and a relative humidity of not more than 
65 0/0. A refrigerator or an ice-box can be used, but then the film s 
must be kept in a well closed container (see 4) together with some 
silica gel or rice. The container should be waterproof in order to 
prevent water from condensing on the emulsion. 

9) Wrapping paper used for returning the films to th e processing plant, 
or for storing in a hot humid climate, should ,be carefully dried 
before use. . 

10) Color transparencies which are to be sent to tropical countries should 
be mounted in dry conditions in frames which practically exclude al1 
heat and dust. 
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These precautionary 7neasures for the use of color filn~ in tropical countries 
apply Inore or less to all makes of color films. In COlnmon with Agfacolor 
film, Anscochrome, I(odachrome, Ektachrome, Pakolor, Gevacolor, F errania
color, e tc. films are more prone to damage in tropical countries after ex
posure. In order to prevent fading of the latent image, these films should 
be processed as soon as possible after exposure, and definitely before the 
expiry date Inarked on the package. 

The Principles of Color Photography 

Color film is based on the "classical" method of producing three co lor 
separations (yellow~ red~ blue) and combining them in the form of thin 
foils to form the final image in all the intermediate hues. On color film~ 

these three layers are coated one on top of the other on one common 
base. On top is the blue sensitive layer with the component for yellow, 
the second is a yellow filter layer, to shield the green and red sensitive 
layers from blue light. The third is the green sensitive layer containing 
the component for magenta, and finally there is the red sensitive layer 
with the component for blue-green. 

At present there are two distinct modifications of color films on the 
luarket. After Fischer's idea of adding the color couplers to the three 
emulsion layers had been realized by G. Wilmanns and his Agfa staff, 
the Agfacolor process was introduced to the market and its basic prin
cip les are also used for the Anscochrome, Ektachrome~ Ektacolor, Telcolor, 
Pakolor, Ferraniacolor and Gevacolor processes. The success of these 
processes depends upon the color couplers which must be stable and 
neither bleed or wander. These color formers are the result of extensive 
research. 

The second type of color filrn was introduced by the American I(odak 
Corporation~ and is based on the chromogenic development that is, the 
color couplers are not added to the three emulsion layers, but are 
constituents of three color developers, with which the film has to be 
developed. I(odachrome and Ilford color films belong to this type of film. 

The Negative.Positive Process 

As in black and white photography, this method entails the making of a 
negative. Each of the three emulsion layers contains its color former, 
and during development they produce a transparent dye image which 
coincides exactly with the normal silver image. However, the color of 
the negative dye image produced in each layer is the complementary 
color to the color of the light recorded by that layer. This is a new 
element in color photography, as the blue-sensitive layer forms a yellow 
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image, the green-SenSItlve layer a magenta image and the red-sensitive 
layer a blue-green (cyan) image. At first sight these negatives look rather 
odd to the eye which is used to black and white negatives: flesh tones, 
for example, are recorded as dark green, and navy blue as pale yellow, etc. 

The complementary-colored negative is then printed on color paper or 
color positive film and developed again with a color developer where 
upon the colors become complementary to those appearing in the nega
tive, that is to say, they resume the colors of the actual subject. 

Processing of foreign color negative film like Agfacolor, Telcolor, Pacolo r , 
Ferraniacolor, Gevacolor N5 can be done with the help of Synthacolor, 
a British product which can be ordered through your retail photo dealer. 

The color picture on paper or film 

Color paper is similar in general structure to color film, but does n o t 
possess the speed of the latter. The ,speed of most color papers, which 
are, of course, panchromatic, is a little below that of ordinary bromide 
paper. In a color-developed multilayer film the imperfect absorption 
of certain colors by the dyes is unavoidable. So the complimentary colors 
in a color negative are seldom the exact complements of the a ctual 
colors. In addition the light of the enlarger is hardly ever pure white. 
For this reason compensating or "correction" filters must be used to 
eliminate color casts in the final print. The Agfacolor process makes 
use of a complete set of 33 filters by which any color cast can b e 
eliminated. It serves also to influence the general color balance of the 
picture. After having made a so-called "zero-print" in order to determine 
the exposure time and the nature of the color cast, a second print i s 
made by using a "mosaic" filter , by which the density of the correction 
filter to be used is determined. According to the result of this print the 
actual correction filters required are selected for the final enlargement 
or print. The picture is then color developed, bleached, fixed , washed 
and dried. 

This is only a very superficial description of the Agfacolor process, hut 
it shows that it is rather complicated and calls for the utmost accuracy, 
patience, time and money if the processing is done by the user. For the 
amateur, processing and printing is usually undertaken by the laboratory 
operated by the distributors. 

A negative-positive process which as a whole is available for operation 
by both amateurs and professional photographers, is the British Pakolor 
process. There is a processing outfit (which is made by J ohnsons of 
Hendon, England) consisting of three components, the developer, the stop 
bath and the bleach-fix bath, wh-ich are used for b~th film and paper 
processing. The process is quite simple, but cannot be given in full here 
owing to lack of space. The exposure of the print is separated into three 
parts by the tricolor filter technique, and this simplifies considerably 
the achievement of correct color balance. With only three filters and the 
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correct exposure times through the filters there should be no difficulties 
experienced with Pakolor material if the instructions are carefully fol
lowed. 

New materials recently introduced by Kodak include Kodak Color Print 
Material C for prints from Ektacolor and I(odacolor negatives, and I(odak 
Color Print Material Type R for prints from Ektachrome and I(odachrome 
transparencies. Type R makes color prints with a single exposure and 
requires no special equipment other than appropriate filters. Type C Paper 
is designed for printing from color negatives. It needs accessory equip
ment, known as a Kodak Color Conversion Kit Type C which consists of 
reading and printing filters , standard reference lamp, photocell and timers. 
As far as processing Ansco Printon is concerned, condensed, latest and 
complete processing instructions are packaged with each Ansco Color 
Printon Developing outfit. Like all color materials, storage of the unused 
product is important. The papers should be stored at 50 0 or lower and 
protected from high relative humidity. 

Color Re-versal Filln 

This film produces positive transparencies by direct processing. First a nor
mal black and white negative is developed. The unexposed silver bromide 
is not eliminated, but exposed to diffused light by a second exposure. 
After this the film is developed in color developer which activates the 
color couplers. Finally the silver remaining after both developments is 
eliminated, and the color transparency is then washed and dried. Pro
cessing kits are now available for most of the color reversal films manu
factured in the UnIted States, like Kodak and Ansco. Dynacolor (Vitacolor, 
formerly Mc Gregor film) is being processed by the manufacturer, costs 
included in price. 

Kodak gives the following processing tips. Instructions to be followed 
carefully. Chemicals measured, mixed and stirred carefully and thoroughly, 
until solution is clear and completely dissolved. A large enough mixing 
vessel should be selected. Clear, clean water to be used throughout the 
entire procedure. If feasible , a filter should be installed. Water temperature 
should be close to 75 0 F and in all operations water should be changed 
three times every minute. 
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Notes to table opposite 

Kodacolor :fi11D, daylight type, 
should be exposed only in daylight or with blue flash lamps, and under 
these conditions, no filter is required. A I(odak Pola-Screen can be used as 
described in Note 1, below. 

Kodacolor :fi11D, type A, 
should be exposed without a filter in clear photoflood or flash-lamp illu
mination, or with the I(odak Wratten Filter No. 85 in daylight. No other 
filters should be used. 

Kodak Ek.tacolor :fi11D, type B, 
is balanced for exposure with 3200 I( lamps. Filter recommendations for 
other commonly used light sources are given on the supplementary data 
sheet packed in each box of film. 

Note 1: A I(odak Pola-Screen is recommended for darkening blue skies, 
reducing light bluish haze in distant scenes lighted by clear sun 
from the side or overhead, and subduing oblique reflections from 
nonmetallic surfaces, thus increasing color saturation. 

Note 2: The I(odak Wratten Filters No. 85 and 85 B manufactured since 
1949 have improved stability. If the filter being used is old, its 
replacement is suggested. Although Type A and Type B color 
films will usually give satisfactory results in daylight with the 
appropriate filters , the use of Daylight Type color films is 
preferable. 

Note 3: The I(odak Skylight Filter is intended for use with Daylight 
Type color films outdoors when the lighting conditions are such 
that pictures made without a filter would be too bluish. This 
filter should be used primarily for pictures taken in open shade 
under a clear blue sky. Occasionally it is useful for pictures 
taken on an overcast day and for distant scenes, mountain views, 
sunlit snow scenes, or aerial photographs. 

Note 4: The combination of Da-ylight Type films and I(odak Photoflood 
Filter (Wratten No. 80 A) is suggested for emergency use only, 
because it requires several times the exposure for Type A or 
Type B films with photo flood lamps, and the color rendition is 
not as good. 
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Filter nata For Kodak Color Films *) 

Kodachrome 
Kodak I Kodachrome LIGHTING and Kodak 

CONDITIONS Ektachrome Films Ektachrome Film 

I 
Film 

DA YLIGHT TYPE TYPE B TYPE A 

Daylight. Clear or No Filter Required Daylight Filter for D aylight Filter for 
hazy sun casting (See Note 1) Kodak Type B Color Kodak Type A 
sharp or soft Films (No. 85B) Color Films (No. 85) 
shadows. (See Note 2) (See Note 2) 

Daylight. Bluish - Skylight (No. 1 A) No. 85B No . 85 
open shade or over- (See Note 3) (See Note 2) (See Note 2) 
cast. No shadows. 

Daylight. Distant Skylight (No.1 A) No. 85B No. 85 
scenes, mountain and (See Note 3) (See Note 2) (See N oit:. 2) 
ae rial photography 

Electronic Speed Flash Kodachrome: Not Recommended Not Recommended 
Tubes No. 8IEF 

Ektachrome: 
See film ins t ruc t ions 

--

Blue Flash Lamps No Fil ter Required Not Recommended Not Recommended 

Daylight Fluorescent Kod achrome: Not Recommended Not -Recommended 
Lamps CC-20B 

Ektachrome: 
CC-IOM + CC-05B 

White-Flame Carbon CC-40Y Not Recommended Not Rc('ommended 
Arc Lamps 

Blue PhotoHood Lamps Not Recommended Not Recommended Not Recommended 

PhotoHood Lamps PhotoHood Filter for No. 8IA No Filter Required 
Kodak Daylight 
Type Co lor Films 
(No. 80A) 
(See Note 4) 

3200 K Lamps No . 80A + No. 82A No Fil ter R equired No. 82A 

Cl ear Flash Lamps Not Recommended No. 8IC (See film No. 8IC 
(except SM and SF) instruc t ions) 

SM and SF Flash Not Recommended Not Recommended No Filter Required 
Lamp s 

Standard Warm White Not Recommended CC-20R + CC-05R CC-IOY + CC-20M 
Fluorescent Lamps 

Standard Cool White Not Recommended CC-50Y + CC-40M CC-40Y + CC-30M 
Fluorescent Lamps 

*) Kodak Color Films. A Kodak Color data book. Rochester, N . H. Eastman Kodak Company, 1953. 
p. 32, 33 
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Kodak Light Balancing Filters *) 

which come in two series are used for changing the color quality of the 
exposing light in order to secure proper color balance with artificial-light 
films. The filter in the No. 82 (Bluish) series is equivalent to raising the 
temperature of a tungsten source, while the filters in the No. 81 (Yellowish ) 
series is equivalent to lowering it. 

234 

*) ibid. p. 26 

I Expo sure I Color Temperature of Source 

Color 
Wratt en 

Incre a e 
umb e r 

in Stops*) I Converted Conve rt e d 
to 3200 K to 3400 K 

82 C + 82 C 11/3 2490I( 
I 

2610I( I 

82 C + 82 B 11/3 2570I( 2700I( 

82 C + 82 A 1 2650I( 2780I( 

82 C + 82 1 2720I( 2870I( 
Bluish 

I 

82 C 2/3 2800I( 2950I( 

82 B 2/3 2900I( 3060I( 

82 A 1/3 3000I( 3180I( 

82 1/3 I 3100I( 3290I( 

No Filter Necessary 3200I( 3400I( 

I 
81 

I 1/3 3300I( 3510I( 

81 A 1/3 3400I( 3630 K 

81 B 1/3 3500I( 3740I( 

Yellowish 
1/3 81 C 3600I( 3850I( 

81 D 2/3 3700I( 3970I( 

81 EF . 2/3 i 3850I( 4140K 

I 

*) These values are approximate. For critical work , they should be checke d by practical 

test, e specially if more than one filter i s us ed. 
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Kodak Color COlDpensating Filters *) 

are used to effect changes in the over-all color balance of color films , and 
to compensate for deficiencies in the quality of the light used for exposure; 
they can be used to change the over all color balance to achieve specific 
results. They can be employed singly or in combination to introduce 
almost any desired correction. 

*) ibid. p. 28 

Yellow E x po sur e Magenta Expo sur e I Cyan Expo sur e 
P e ak 

(Ab sorb s Incre ase (Absorbs Incre ase (Absorb Incre ase 
Density 

Blue) in Stops*) Green) in Stop s*) Red) in Stop s*) 

.0.5 CC-OSY I I CC-OSM 1/3 \ CC-OSC 113 -

.10 CC-I0Y 1/3 CC-I0M 1/3 CC-I0C 113 

.20 CC-20Y 1/3 CC-20M 1/3 I CC-20C 1/3 

.30 CC-30Y 1/3 CC-30lVI 2/3 CC-30C 2/3 

.40 CC-40Y 1/3 CC-40M 2/3 
I 

CC-40C 213 

.50 I CC-SOY 2/3 CC-SOM 2/3 I CC-SOC 1 
I I I 

I I 

I R e d I I Green I Blue I 

Peak (Ab sorb s 
I Expo sur e 

I 
(Absorbs 

Expo sure 
(Absorbs 

I 
Expo sur e 

Blue and I Increa se Blu e and 
Increase Red and Increa e 

D en si ty 

I I Green) in Stop s*) 
I Red) 

in Stop s*) 
I Green} I 

in Stop s*) 
I -

I I I .05 CC-OSR 113 CC-o.SG 1/3 CC-OSB 1/3 
\ 

.10 I CC-I0R 1/3 CC-I0G 1/3 CC-I0B 113 

.20 \ CC-20R 1/3 CC-20G 1/3 CC-20B 2/3 
I 

I 
.30 I CC-30R 2/3 CC-30G 2/3 CC-30B 2/3 

.40 CC-40R 2/3 CC-40G 2/3 CC-40B 1 

.50 CC-SOR 1 CC-SOG 
I 

1 
I 

CC-SOB 11/3 

*) The se values are approximat e . For critical work, they should b e checl(ed by practical 
t es t , es pecially if more than on e filter is u se d. 
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A n sco color Filters* also come in three groups : 

1. The ultraviolet series, 

2. the 
. . 

converSIon serIes, 

3. the color compensating serIes. 

The ultraviolet absorbing filters absorb in the invisible ultraviolet region 
of the visible spectrum, and thus help to achieve a better color rendition. 
They prevent the bluish cast in transparencies taken in hazy atmospheric 
conditions when high humidity prevails, in distant land- or seascapes in 
which there is a bluish haze and in pictures taken at high altitudes. These 
filters come in four different strengths ranging from UV-15 for slight haze 
correction to UV-18 which is twice as dense as the UV-17 filter and used for 
extreme haze correction. Normal exposure. should be increased one-third 
lens stop for the UV-18. 

*) Color photography made easy. Binghamton, N. H., Ansco, 1954. p. 43. 

R ecoID.ID.ended illuminants 

a n d F ilters for u se with Ansc o Color FilID. *) 

Light Source 
Approximate Filter For Filter For 

Color Temperature Daylight Film Tungsten Film 

3200 K Lamps 3200 K Conversion No. 10 None Necessary -

sheet film 

Photofloods 3400 K Conversion No. 10* None Necessary -

roll and 35 mm film 

Clear Fla shlamps 3800 K Not Recommended I UV-16 - roll , 35 mm 

I 
UV-17 - sheet film 

Blue Photofloods 4800 K Only for supplemental illumination 

with Daylight type film. 

Middle of Day Sunlight 6000 K None Necessary Conversion No. 11 

Blu e Flashlamps 6000 K None Necessary Not Recommended 
. 

Daylight Fluorescent 6500 K CC 34 Not Recommended 

High Speed Flash 7000 K UV·16 Not Recommended 

*) Under some conditions the addition of a UV·16 filter may be de sirable. 
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Results of Incorrect Exposure or Handling ofTransparencies*) 

Clear Transparency, No Image • Very severe fogging by exposure to light 
before processing. Film holder slide unintentionally removed while shutter 
was open. Possibly shutter was set at B or T, or defective shutter. Load 
sheet film in total darkness, roll and 35 mm films in subdued light. 

Black Opaque Transparency • Film not exposed. May be caused by failure 
to remove slide from holder for exposure, failure to remove lens cap or 
cock shutter. Possibly defective shutter or cable release. When using 
cameras having both focal plane and between the lens shutters, the one 
not being used for making the exposure should, of course, be in the open 
position. 

Light Transparency, Weak Colors • Overexposure. May be caused by in
accurate estimation of prevailing light conditions, improver use of cal
culator or exposure meter. Possibly defective shutter which gives too slow 
exposures. 

Pinkish Transparency • Exposure to light of too Iowa color temperature 
(for example, house lamps). See reference to reddish transparency, and 
general reddish cast under processing results . Use 3200 K lamps for Ansco 
Color Tungsten sheet Film, use Conversion Filter No. 10 with Ansco Color 
Daylight indoors. 

Reddish Transparency - More Pronounced in Shadows • Exposure to red 
safelight during loading or unloading. Possibly use of clear flash, instead 
of blue. Always load films in total darkness. 

Reddish Images in Outdoor Scenes • Exposures made too early or too late 
in the day. Color photos generally should be made between 2 hours after 
sunrise, and 2 hours before sunset. 

Overall Red or Orange, Yellow or Green Transparency • Use of color filter 
intended for only black-and-white photography. Filters of this type should 
not be used with color films. 

Overall Reddish-Brown Transparency. Image Reversed, and Transpar ency 
I s Too Dense • Film exposed through the base. Film holders were incor
rectly loaded with emulsion side in. Always check film notches and load 
emulsion side out. 

Overall Green Transparency • Exposure to green safelight during loading 
or unloading. Use of outdated film, or film subjected to adverse storage 
conditions (high temperatures and humidities.) Exposing color film to 
fluorescent illumination without using Conversion Filter No. 13. (Possibly 
due to use of green filter for black-and-white photography.) 

Dark Transparency with Bluish Shadows· Underexposure. May be caused 
by inaccurate estimation of prevailing light conditions, improper use of 
calculator or exposure meter. Possibly defective shutter or cable release. 

Overall Bluish Transparency • Exposure to light of too high a color tem
perature, as Ansco Color Film Tungsten Type to sunlight without Con-
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version Filter No. 11, or to flood or clear flash lamps without proper 
UV-filter. Also exposure of daylight type film outdoors In shade or on 
overcast days without UV-filter. 

Highlight Areas Thin, Shadow Areas Dark • Excessive contrast in subject 
lighting. Generally subjects appear more pleasing when front-lighted, 
with shadow areas illuminated. 

Local Off-Color Areas in Otherwise Normal Transparencies • Reflection 
from nearby colored objects, or the use of lights of different color tem
peratures. Possibly reflector is not neutral in color. Watch for reflections 
from nearby colored surfaces and do not mix light sources. 

Overall Yellow Transparency • Film exposed too near sunrise or sunset 
when sunlight has yellowish cast. Possibly use of yellow filter intended 
only for black-and-white photography. See references to reddish images 
in out-door scenes and overall red or orange. 

Light Area Usually Near Center, Often Red in Color • Lens flare. Occurs 
when direct rays of strong light (either sunlight or artificial light) shine 
into lens, causing unwanted reflections. Use sunshade to prevent light 
from entering lens, set up so light does not shine into lens. 

Irregular Transparent Streaks • Light leaks in the body, bellows or shutter 
of the camera. Have camera checked by repair man, or manufacturer. 

Fuzzy, Indistinct Images, Sharp Background . Camera focused for back
ground instead of for subjects. Possibly subject movement or non-focusing 
camera too close to subject. 

Overall Fuzziness of Images • Camera movement at time of exposure, lens 
not properly focused. Possibly lens is dirty or out of position. 

Light Transparency with Two or More Images Superimposed • Double or 
overlapping exposures, caused by taking two pictures on same film area. 
Film holders not properly identified, or not advancing roll or 35 mm film. 

Transparent or Weak Areas Along the Edge of the Film. • Edge fog. May 
be caused by loosely wound roll film, defective or improperly handled film 
holders and 35 mm cartridg'es. Load and unload in subdued light, use 
care in handling holders, rolls and cartridges. 

Scratches and Abrasions • Foreign particles in camera or film holder. Pos
sibly caused by "cinching" roll and 3.5 mm film (pulling roll tight when 
film is wound on itself.) 
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Last Exposure Cut in Half • Improper manual winding of the film (film 
advanced too far). Sometimes occurs in cameras having automatic film 
advance. Use care in advancing film; check camera instructions on auto
matic film advance. 

Dense Transparency • Underexposure. Shutter speed to.o high, lens opening 
too small. Caused by using box ca~era or slow lens. Always use a camera 
with f /6.3 lens or faster. Use slower shutter speed or larger lens opening. 

Transparency Partially Opaque • Obstruction (finger, camera case flap , etc.) 
over lens during exposure. Possibly bellows sag . 
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EI,-tamrome Processing Errors *) 

CHARACTERISTIC APPEARANCE 

BLUISH or BLUE-GREEN PICTURES 

Color balance blue to purple, particularly 

in middle or high densities. 

GREE ISH PICTURES 

Color hift apparent after film has been 

dry for a few days. 

Higher densities more greenish than high

ligh t . 

Balance greenish with red darkened, other 

colors little affected. 

REDDISH PICTURES 

Orange-red over all. 

Deep red over all. 

Balance reddish III shado, 

YELLOW PICTURES 

Yellow-orange highlights, green shadows. 

MAGE TA PICTURES 

Magenta highlights. 

Blui h-magenta balance . 

MISCELLANEOUS 

Scum or grayish white s tr e aks on film 

surface. 

Brown image visible by reflected light on 

emulsion side of film. 

Bright red , orange, or blue pots on film. 

Orange vei l over film , e pecially in shadow 

area. 

POSSIBLE CAUSE 

Processing at too low a temperature or 

for shorter than recommended times. 

Color Developer improperly mixed. 

Exhausted Bleach or incomplete bleaching. 

Incomplete rever al exposure. 

Contamination of Color Developer by 

Clearing and Fixing Bath. 

Wash water used after Color Developer 

contaminated with Bleach. 

Omission of Clearing and Fixing Bath be

tween Color Developer and Bleach. 

Omission of wash and Clearing and Fix

ing Bath between Color Developer and 

Bleach. 

Processing times not adju ted according 

to use of solutions. 

Exposure In camera through base of film. 

Inadequate wash after Color Developer. 

Exhausted solutions. 

Agitation or flow of water insufficient 

during rinse after First Developer. 

Incomplete bleaching, possibly caused by 

excessive wa shing between Clearing and 

Fixing Bath and Bleach. 

Film contaminated by hypo or Clearing 

and Fixing Bath b e fore first development. 

Film fogged during first development. 

*) Kodak Color Films. A Kodak Color data book. Roche ster, N. H. Eastman Kodak Company, 1953 . 
p.23 
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Name of 
material and 
manufacturer 

Agfacolor 
Agfa, Germany 

Agfacolor 
Agfa, Germany 

Alticolor 
Lumiere, France 

Anscochrome 
Ansco, U.S.A. 

Dufaycolor 
Dufay Ltd. 
England 

Dynacolor 
Dynacolor 
Corporation 
U.S.A. 

Ektacllrome 
Eastman Kodak, 
U.S.A. 

Ektacolor 
Eastman Kodak, 
U.S .A. 

Ferraniacolor 
Ferrania, Italy 

Ferraniacolor 
Ferrania, Italy 

Fujicolor 
Fuji Film 
Industry, Japan 

Gevacolor N 5 
Gevaert, 
Belgium 

Gevacolor R 5 
Gevaert, 
Belgium 
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The Color FilIUs on the World Market 

The fo llowing list contains the main colour fil ms which are available on the 
world market n owadays. 

Speed 
available 

Type 
I 

Daylight 
I 

Artificial SIzes Processing Coupler Printing Process 
ligh t 

16 A.S .A. 16 A.S.A. Miniature films Manufacturer 's 
Agfacolor paper 23 0 B.S.I. Roll films specified A Negative 23 0 B.S .I. 

32000 Kelvin Sheet films laboratories and positive film 

25 A .S .A. 25 A.S .A . 
Minia ture films Manufacturer's 

25 0 B.S.I. specified A -Reversal 25 0 B.S.I. Roll films 32000 Kelvin laboratories 
I 

I 

10 A.S.A. 
Not 120 and 620 

Manufacturer's Addi-
Rever sal 21 0 B.S.I. roll fi lms for tive -

Irregular filter mosaic 
available 

8 expo 6x6cm laboratories 
film 

32 A.S.A. Miniature film s Proce ssing Kits Anscocolor 

Reversal 
32 A.S.A. 26 0 B.S.I. Roll films available 

A 
paper 

26 0 B.S.I. 34000 Kelvin Sheet films Independent Ansco 
laboratories Printon process 

Additive re- 8 A.S.A. 
Miniature films Processing Kit s 

versal film 8 A.S .A. 20 0 B .S.I. available not 
with regular 20 0 B.S .I. Fil tel' Roll films 

Proce ss ing formulae - recommended 
mosaic filter needed Sheet films 

published 
I 

16 A.S.A . 
Reversal I 

10 A.S.A. 
23 0 B.S.I. Miniature Manufacturer's 

C Dye Transfer 21 0 B.S .I. 
32000 Kelvin films laboratorie s only 

10 A .S.A . Miniature film s Processing Kits Kodak Color 
Reversal 

32 A.S .A. 
21 0 B.S.I. Roll fi lms available 

B P rin t ma terial 
I 

26 0 B.S.I. Independent 3200° Kelvin Sheet films 
laboratories Type R 

I 8 A.S.A . Miniature film s Kodak Color 
Negative 

I 

5 A.S .A.*) 20 0 B.S.I. Roll film s Proces sing 
B Prin t rna teria l 18 0 B.S.I. 

32000 Ke lvin Sheet films Kit s available 
Type C 

I 

12 A.S.A. I Miniature films Manufacturer's 
Ferraniacolor Negative 22 0 B.S.I. 

I 
Roll films laborat. Profes- A 

Sheet fi lms sional Kits available paper 

I Miniature film s Processing Kit s 12 A.S.A. Not 
Reversal 22 0 B.S.I. avai lable Roll films made by Johnson of A -

I I 
Sheet films Hendon available 

I 
Only for Miniature films 

Reversal 
10 A.S.A . prof. 120 roll films, Manufacturer's 

C -21 0 B.S.I. cine-films 4 exp.sheet film laboratories only 
available 4 x 5" 

16 For use by day. 
Miniature films Manufacturer 's 

Negative 
A.SA. light and tung-

Roll films specified A 
Gevacolor 

23° s ten light 32000K 
120/620 laboratories paper 

B.S.1. and white flash 

I 12 A.S .A. Not Miniature films Manufacturer 's 
Reversal 22 0 B.S.I. available 

.• Ro ll films spe~ified A --

I 127, 120/620 Lab ora tories 

*) with filter recommend e d III supplementary data sh ee t packed III each box of filter. 



N ame of Speed 
Sizes 

m ateria l and 
Type 

I 
Daylight 

I 

Ar t ificial available Processing Coupler Printing Proce ss 
m anufacturer light 

Ilfordcolor 10 A .S.A. 
Not ~iniature films ~anufacturer's Ilford Ltd. Reversal 21 0 B.S.I. C -

England Type D available only l aboratories only 
I 

Kodachrome 

Processing Ki ts prints and 
Kodachrome 10 A.S.A. 16 A.S.A. ~iniature and available enl arg ements are 
Kodak, England, Reversal 21 ° B.S.I. 23 0 B .S .I. Bantam films Independent C full color 
France, U.S.A. 34000 Kelvin only laboratories prints on white 

cellulose acetate 
I base. 
I 

Kodacolor 
25 A.S.A. 20 A.S.A. Roll films only 

~anufacturer's Kodacolor Eastman Kodak, Negative 25 ° B.S.I. 24 0 B.S.I. 127 , 120, 620, 
laboratories only B prints U.S.A. 134000 Kelvin 116, 616 

~ultichrome 20 A .S .A. Not ~an uf acturer' s Hansard Phot. Reversal 24 ° B.S.I. available Roll films only laboratories only B -
Labs., England 

Oriental Color I 
Film 12 A .S.A. 12 A .S .A. ~iniature films 

Processing Kits Ori ental color 
Oriental Photo Negative 22 ° B.S.I. 22 0 B .S.I. 120 roll films 

available A 
3200° Kelvin for 6 expo paper 

Industry, Japan 

Oriental Color 
I 16 A.S.A. ~iniature fi lms Film 

Reversal 
12 A.S .A . 

23 0 B .S.I. 120 roll fi lms Processing Kits 
Oriental Photo 22 0 B .S.I. available A -
Industry, J apan 32000 Kelvin for 6 expo 

-
Pakolor paper 

Pakolor Film 12 A.S.A. ~iniature films Processing Kits 
with various 

I 12 A.S.A . surfaces and Ass. British Negative 22 0 B.S.I. 22 0 B.S.I. Roll films made by J ohnson of A in 2 grade Pathe, England 32000 Kelvin Sheet films Hendon available Tricolor filter 
method 

Raycolor I 16 A .S.A . 25 A.S.A. 
Roll film 120 Processing Kit Raycolor Ltd. Reversal 23 0 B .S.I. 25 0 B.S.I. 

~iniature film available A -England 
I 

D 
I 

A 
I 

Pakolor Film 

I 
For use by daylight and 

~iniature films Processing Kits Al so known tungsten light with fil-Ass. British Reversal ter, supplied with each Roll films available made by A under the name 
Pathe, England I 

spool.-20 A.S.A .. 24° B. S.1. 120/620 J oh n so n of Hendon Foto-Color 

Sakura Color 

I 

Only for 
~iniature films Film 

Reversal 
10 A.S .A. prof. 

120 ro ll films ~anuf acturer' s C -Konishi Photo 210B .S.I. 
I 

cine-films l aboratorie s only 
Industry, Japan I available for 6 cxp . 

-- --

I 
Daylight 16 A .S.A 

Te l co lor 230 B .S.I. 
~iniature films I Art.- ligh t 20 A.S .A. ~anufacturer's Tellko S.A. Negative I 

240 B.S.I. 120/620 roll films 
spec ified laboratories A Telcol or paper Switzerland , 

Universal for daylight Sheet fiims 

and tungsten light 

Telcolor I 
~iniature films 

Tellko S .A . Reversal 
16 A.S.A. Not 

120/620 roll films ~anuf acture r ' s 
23 0 B.S.I. available specified laboratories A -Switzerland 

I 

Sheet films 
I -- -

Additive PIa t e is expo ed 
Johnson's Color neg~t~ve - 31/ 2 x 21/2 in. to behind mosaic 
Screen process pOSItIve Normal panchromatic 10x8 ins. Normal black and screen plate. 

black and white plates - Po sitive i Johnson of process with black and white white processing 
Hendon, England separate I are used. p l ates bound up with 

similar sc reen sc reen plate I 
plate. 

Explanations to this table: 

Coupler$: A) diffusion-fast coupler in the emulsion 
B) couplers in emulsion di spersed in water-insoluble, water-permeable plastic 
C) coupler in color developer 
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IX. Useful ABC 

Aerial Fog 

Aerial fog occurs when the negative and the developer are unduly 
exposed to air, which means that see-saw development, especially with a 
developer containing hydroquinone, may become troublesome. 

Architectural photographs 

The best illumination for architectural photographs is side-lighting. 
Frontal illumination gives flat and uninteresting pictures. For serious 
architectural work it is advisable to have a tripod and a sturdy stand 
camera, one with a rising and falling front. When the camera, without 
such a front, is tilted, converging lines will result (ill. see page 152). On 
the other hand, exposures intentionally made from "below upwards" give 
a good idea of the massive construction of a building. Wide-angle lenses 
are especially useful. When photographing architectural details in places 
that are not easily accessible, a telephoto lens should be used. 

Brown :finger nails 

242 

Brown finger nails caused by developer can be cleaned by immersing 
the finger tips for 5 minutes in a solution (1: 500) of potassium per
manganate. The brown stain will disappear after a second ilnmersion 
in a S per cent solution of sodium bisulfite. These solutions can also be used 
to remove dichroic fog (see page 93) from films. 

Cleaning bottles, glass and earthenware trays 

Rinse bottles or trays with a 20 percent solution of hydrochloric acid 
to which a few grains of potassium permanganate have been added. 
Owing to the resulting fumes, cleaning should be done in the open air. 
Earthenware trays with flaws and cracks should then be thoroughly washed 
for several hours. Another cleaner can be made up from 312 cc (9 314 oz.) 
of wood alcohol and 8 cc (l /40z.) of 28 % ammonia. It cleans glass con
denser and dry negatives. Put a few drops on dry, soft cloth and let 
evaporate for a few seconds befo~e applying it to the object. Helpful in 
wiping off residues of emulsion after retouching and reducing. Plastics~ 
rubber or metal can be cleaned by rubbing with a mixture of a detergent 
and sodium bisulfite. For removing scale and alkaline sludge from devel
oper tanks and trays a 10 % solution of acetic acid can be used. 



Color 

Photographers should have some knowledge of the principles of color 
and color mixing. The most amazing fact for the layman is that there 
is actually no such a thing as color. What is usually called the color of an 
object is its apparent color when illuminated by natural white light. 

Copying 

Copying black and white originals can be done most conveniently by 
screwing the camera on to a tripod with a ball and socket head and 
turning the latter in a downward direction. Place the original on a small 
table or chair and use a slow speed fine-grain film or plate. Large scale 
copies, needing a long bellows extension, require a correspondingly 
extended exposure time (see page 179). Stopping down the lens to 1 : 5.6 
or 1 : 8 will be sufficient to give a picture which is sharp right up to the 
edges, since depth of field is not required. Copying line originals, however, 
may require stops up to 1 : 16. It is sometimes difficult to copy paintings, 
since the result is seldom satisfactory even when the representation of the 
colors in terms of grey tones is correct (see pp. 45) . 

Co.ntrast, to be increased or decreased 

Negatives which either lack contrast or have too high a contrast can be 
improved by means of a transparency, without affecting the original 
negative. The procedure is as follows: make a contact print or an enlarge
nlent of the negative on a slow process plate or film. From this trans
parency make a contact print on another process plate. If contrast must 
be increa Ele d , normal exposure and development will give the result re
quired. When a decrease of contrast is required, either the transparency 
or the duplicate negative, or both, should be developed with a com
pensating developer (see page 88). Another method is to expose for 
about 10 times the normal time and to develop in a developer which is 
diluted 20 times more than normal. If very high contrast is demanded, 
the first transparency can be printed on a lantern plate. A decrease in 
contrast can also be obtained by using a slow speed plate or film of 8 to 
20 A.S.A., but this method can be recommended only for large sized 
original negatives, since miniature negatives would give too coarse a grain. 
When u sing fine-grain films or plates and fine-grain or compensating 
developers, the method mentioned above is reliable. 

DarkrooJD, cold in winter 

We are all familiar with the discomfort of a cold darkroom in winter. 
To freez e ourselve is bad enough, but far worse is the incessant struggle 
to maintain the correct temperature of the solutions used. Dish warmers 
and immersion heaters with thermostatic control are useful, but it is still 
better to have some lneans of heating the dark room itself, especially as 
it is usually only quite a small room. Electric stoves are not too expensive 
and consume about the same amount of current as an electric iron. 
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De-veloper stains 

These can be removed from household linen by soaking the stains in a 
solution of potassium permanganate1: 20 and when they turn brown 
rinse them in water for several minutes. The material should then 
be dipped in a solution of 30 grams (1 oz.) of potassium metabisulfite in 
1000 cc (32 oz.) water. After a thorough rinse the process should be 
repeated. See "brown finger nails", page 242. - For J\1etol or Adurol 
pOIsonIng, see page 251 under " ointment". 

Elttulsion 

An emulsion is an aqueous mixture in which a substance which is in
soluble in water is held in colloidal suspension. The sensitive emulsion of 
photographic materials is a suspension of sensitive silver saIts in a pro
tective carrier (gelatine or collodium). When dry, the emulsion of silver 
halides and gelatine forms the layer on bases and are known as films 
or plates. 

Exposure at night 

In order to take photographs at night by whatever artificial light 
is available, a high-speed panchromatic film specially sensitive to red 
and orange light should be used with a lens of 1 : 2 to 1 : 2.8. The ex
posure time depends on the light available and may vary between 112 
and 11100 second, but may also be considerably longer. A small tripod is 
a useful accessory. The exposure time can be measured with an electric 
exposure meter if it is known in which way the meter is calibrated for 
electric light (see page 196). - Exposures at night can also be made with 
slow speed lenses of 1 : 3.5 or 1 : 4.5. Well illuminated objects will be 
correctly exposed with 1 to 20 seconds. A sturdy tripod is, of course, 
essential. Another way of taking night pictures is to stop down the len 
to 1 : 16 or 1 : 22 and to expose for several minutes. Pedestrians will not 
be recorded, but the head lights of cars will appear as a bright pattern 
if the lens is not covered during their passing. A coated lens is an asset 
and a lens hood is a necessity. 

Filltt layers 

The various layers with which the base is coated are as follows: directly 
on top of the safety base is a special coat which roughens the cellulose 
acetate and makes it suitable for coating. The second layer is a fairly 
slow emulsion which checks over-exposure. (This method is used for high 
speed films , but to provide better definition this second layer is omitted 
with slow-speed films and recently even with films of medium speed. ) 
Next comes the high-speed coating which also contains the optical sensi
tizers (see page 38). Finally, there is almost invariably a thin coat of 
clear gelatine to protect the emulsion from abrasion. All modern film 
have either a neutral anti-halation backing (roll films ) which clears 
during development, or a blue or grey tinted base for the prevention of 
halation (miniature films). 



Golden Section 

The "golden" or "medial" section is the division of a line in such a way 
that the ratio of the smaller section to the larger one is the same as the 
larger section to the whole, e. g. CB : AC = AC : AB. The golden section 
was part of the classical idea of proportion, especially in the Renaissance, 
and a great deal has been said and written about its relations to photo
graphy (to no avail). In actual fact, it is only of very limited value in 
the composition of a black and white picture. It is significant only in 
relation to the static aspect or balance of the picture and is, therefore, 
of importance for architecture and sculpture. It is less significant when 
dynamic conditions are predominant and when the contrast between light 
and shadow determines the balance of the photograph. 

A c 8 
Glass stoppers, sticking 

Glass stoppers will not stick when they are slightly greased with vaseline. 
If they stick, put a few drops of Perhydrol (H202) on the rim of the 
bottle. After some time the stopper can be removed. Caution: Perhydrol 
is caustic (skin!). Glasses containing caustic potash should be rubber
stoppered. 

Graduated :6.lter 

This is a yellow glass filter, only one half of which is colored. It is used 
to establish a balance between a bright sky, which needs a filter, and the 
darker landscape, for which a filter is unnecessary. It does not prolong 
t he exposure and is effective only when 1) placed at least 1/ 6 of the focal 
length away from the front lens with the colored half on top and 
2) especially for orthochromatic films which are frequently more sensitive 
to blue than panchromatic films. 

Ground-glass screen 

Etched ground-glass screens are far superior to the usual ones. They have 
a very fine structure and make focusing easy. A home-made ground glass 
of very fine structure will be obtained by exposing a slow process plate 
to sunlight for 2 or 3 minutes, fixing, washing and drying it. 

Hardening and Softening of photographic em.ulsions 

When immersed in water, developer or fixing bath, the gelatine of photo
graphic emulsions will soften, and if the solutions are too warm the 
softening may lead to reticulation or even melting of the gelatine. To 
prevent this or frilling at the edges, films and plates can be hardened. 
For a post-fixation hardener, formalin should be used. The negatives are 
immersed in a 2 per cent solution of formalin for about 5 minutes, rinsed 
and dried. 
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During summer time and in tropical countries, a hardener should be 
incorporated in the fixing bath (see page 96). The best -hardening agent 
to add to the fixing bath is potash alum (about 15 grams) and boric 
acid (7.5 grams to 1000 cc fixing bath). - Softening: When a hardened 
photographic emulsion has to be subjected to further chemical treatment, 
it must first be softened once again. For this purpose, it is immersed in 
the dark in a solution of ferric oxalate (10 per cent) and then, without 
rinsing, exposed to daylight for about 1/ 2 hour. Then the negative is 
immersed for about 1 minute in a 1 per cent solution of hydrochloric acid , 
and washed thoroughly. The bleached negative i s then redevelop ed in a 
normal developer, and then washed again. 

High lUountain photography 

Yellow filters must not be used at high altitudes above 6000 feet, as 
they darken the sky to an unnatural degree. At lower altitudes, filter s 
should also be omitted as, when in the mountains, they destroy the aerial 
perspective, i. e. the delicate haze veiling the distant mountains ranges. 
A filter will kill the aerial perspective, especially when there is a hot ~ 

dry wind in the mountains, which in itself appears to remove all sense 
of distance. Around noon and on bright winter days, a ultra-violet filt er 
should be used at high altitudes as otherwise the intense UV-radiation 
may cause unsharp pictures (see page 172). The filter factor for UV
filters is usually 1.5 to 2. - Panchromatic films give a parti cularly 
effective representation of more distant views. On dull days a light 
orange or red filter (factor 4 to 6) may be used together with a pan
chromatic film. It removes the distant haze due to light scattered by dust
particles and water suspended in the atmosphere. When distant views 
are taken with a long focus or telephoto lens, the exposure time should 
not be more than 11100 second, as otherwise the more distant planes may be 
unsharp due to camera shake, unless a tripod or other firm support is 
used. Incidentally, heavy white mist cannot be penetrated by any filter. 
Sometimes pictures of distant views show unsharp patches; this cannot 
be avoided as it is caused by heat haze drifting up the mountains. 

The foreground is of decisive importance to the pictorial effect of a 
mountain scene, and there should be an interesting foreground. Only a 
suitable foreground can give the impression of the wide expanses of 
massive mountain ranges (see '~S ports pictures in winter", page 2.58). 

HOlBe photography - (see also under Artificial Light, pp.194) 

For indoor photography panchromatic films should be used , as the reflec
tions of daylight from walls and fl1rniture will frequently contain yellow 
and red tints. Generous exposure is always necessary, for the glass used 
for windows has usually a greenish tinge and this absorbs just the most 
photographically effective light. Shadows should be brightened by reflec
tors (white sheets or cardboard covered with tin foil). For technical data 
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on exposures by artificial light, see pp. 197/ 198. A combination of daylight 
and artificial light should be avoided, especially for portraits, as it is 
not easy to judge correctly the resultant tone values of a mixture of 
yellow and neutral light. If windows are included in the picture, the 
exposure meter should be protected from the direct light falling through 
the window, as otherwise it will indicate too short an exposure time. 
To prevent the forming of halation, films with an anti-halation backing 
must be used, and a compensating developer employed (see page 88). 
This developer prevents too high a contrast. Miniature negatives can 
be developed with a fine-grain developer w·hich also has a cOlnpensating 
effect. 

The hUlllan eye 

The human eye is a camera on a small scale. The lens of the eye cor
responds to the lens of the camera, the retina to the film. The dis
advantage of the camera is that the lens is at a fixed distance from the 
film. In the eye this is overcome by a modification of the lens itself, in 
that it has an elastic consistency, thus allowing its shape to be controlled 
by the tension of small muscular bands. The colored iris is the variable 
stop of the human camera. Its size is altered by a muscle. The apprecia
tion of the image thrown upon the light-sensitive retina rests entirely 
with the nervous system. The human eye is able to record a far greater 
brightness range than the film (for further details see page 138). In a dark 
room the aperture of the eye may be 1 : 2; its angular field, however, 
is very small, but the power of changing the direction of view compensates 
for this limitation. The eye has even a "yellow filter" in the so-called 
yellow spot in front of the optic nerve, and it is not until this point is 
reached that a conscious rectified visual impression is created by the brain. 

Hypo eliDlinators 

The time spent in washing negatives and prints can be reduced con
siderably by removing the hypo from the emulsion by chemical means. 
Prepare a 1 per cent solution of potassium permanganate and drop a 
sufficient amount of this solution into the washing water until the latter 
has a pale rose color. Emulsions still containing hypo will cause the 
color to be changed into a yellowish tinge. The process is then repeated 
with fresh solution until the pink tinge in the water remains unchanged. 
Thorough washing is, of course, more advisable, and therefore hypo 
eliminators are not usually required in processing negatives. In the case 
of prints and enlargements, however, traces of hypo cling tenaciously to 
the paper fibers and may lead to the destruction of the picture. Com
mercial hypo eliminators are made by I(odak, Edwal and others. 

RemoTal of hypo stains see page 255. 

Indoor photography see Home photography, page 246. 
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Exposure on normal negative material on a hazy day. 

Infra-red photography 

Infra-red light is light with a wavelength longer than red. The human 
eye is not sensitive to this radiation, but we can "feel" it as heat. By 
using certain dyes, photographic plates and films which are sensItIve to 
infra-red rays have been made. Emulsions are available for various pur
poses, according to the wavelength to which these films or plates are 
sensitive. For long-distance photography and the penetration of haze, 
but not white fog and mist, films and plates are available which are 
sensitive to red and part of the infra-red section of the spectrum. Recent 
advances have made it possible to photograph in a darkened room by 
using a flashgun which is covered by an infra-red filter. Filters which 
completely absorb the blue end of the spectrum transmit light of the 
extreme red end to which the emulsions are sensitive, so that the exposure 



o 
1 

Taken from the same stand point on infra-red material. 
photo Dr. O. H elwich 

is made partly by infra-red and partly by visible red. Special filters must 
therefore be employed in infra-red photography. In most cases I(odak 
Wratten filters No. 15 or 25 can be used, but if the picture is to be made 
entirely by infra-red light, a visually opaque filter (Wratten Series Nos. 70, 
87, 89) should be used. 

The many applications of infra-red photography can be discussed here 
only very briefly: 

Long distance VIews or vIews In haze: 

Atmospheric haze can be eliminated to a great extent even with a pan
chromatic film and a red filter (see page 246). However, the result will be 
even better when a film that is partly sensitive to infra-red light is used , 
for red and infra-red rays are scattered less than blue rays which means 
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that haze can be penetrated much farther by using infra-red material. 
Our two pictures are interesting examples of this phenomenon. 

Night effects: 

The cameramen in the film business have used infra-red films for some 
time past in order to obtain "night effects" by daylight. The infra-red 
film does not record short-wave blue light at all when used with the 
correct filter. Consequently the dark rendering of blue skies is helpful in 
producing spectacular pictures which frequently look as though taken by 
moonlight. All other colors are then correspondingly changed to very 
pronounced degrees. 

Photography in the dark: 

Films which are sensitive only to infra-red light can be exposed in rooms 
which appear to the eye to be in complete darkness. A strong home lamp 
or a flash gun is completely covered by an apparently black filter which 
only transmits the infra-red rays and the infra-red film records this 
invisible light. 
As our lenses are not corrected for infra-red light, the focus of which~ 
viewed from the lens, lies behind that of blue, red and yellow. The focus 
must therefore be extended by about 11200 of the focal length, after the 
picture has been sharply focused in the usual way. The special instructions 
for the use of infra-red material issued by the various makers should be 
strictly adhered to~ and the material should be used only with the filters 
recommended. 

Landscapes 

~~The less there is in it, the better is the picture." This rule applies to 
landscape photography as well as to any other picture. As the photo
grapher must compose first and foremost by selection, by variations of 
lighting and view-point a landscape must be represented by simple lines~ 
well defined recessions and the right atmosphere for that particular 
motif. A good picture of a landscape needs a definite foreground which 
helps to convey the impression of depth~ and this foreground must be 
sharp. In contrast~ the "picture postcard view" is usually confusing because 
it shows as much as possible for the least money. A few blades of grass 
sharp in the foreground with the blue summer sky and a few white clouds 
above - give you a landscape far more worthy of the name than all the 
picture postcards of ~~beauty spots" put together~ however well photo
graphed they may be. To be really effective it is essential for a landscape 
photograph not only to be simple in composition and to have a well
defined foreground, but also to represent the mood of the view in question~ 
its sky, its aerial perspective in the distance~ and its loveliness or sublime 
grandeur. 

Lighting Trieks 

Shadows can be brightened, particularly on small objects such as tools, 
by placing a shaving mirror so as to reflect daylight or artificial light 



on to the subject. This technique is particularly successful for portraits, 
and for bringing out the texture of fabrics. 

The men in the film-studios can teach us all there is to be known about 
good lighting. They create portraits and interiors of rare beauty by 
balancing light and shadow, and by making even the darkest corners 
come alive. Their lighting technique is the fruit of long experience with 
lamps, spot-lights and reflectors. However, there is nothing to prevent 
amateurs from emulating them. The secret is to break up and lighten the 
shadows. This gives "roundness in space" and makes all objects look life
like. The most ideal sunshine is useless when it is accompanied by deep 
black shadows. There is a simple, effective means of preventing them: 
the tin-foil reflector, which can be easily made and carried in your pocket. 
I t consists of an old linen map, all sections of which are covered with tin
foil. The photographer can decide on the spot how many sections of this 
" reflector" he needs to unfold and at what distance from the object he 
should place it. For outdoor portraits, the reflector should be handled by 
an assistant. 

Oint:ment 

Inflammation caused by chemicals, especially by Metol, can be successfully 
treated. While poisonous effects may not occur on a healthy skin, open 
cuts and scratches may cause trouble. To increase circulation, bathe the 
affected parts alternately in hot and cold water, dry thoroughly and apply 
any Ichthyol ointment. 

Outdoor Portraits 
(For full details about artificial light portraiture, see pp. 195.) 

Outdoor portraits in bright sunlight have every chance of being success
ful, especially when, with the help of the snapshot technique (see page 
21), vigorous life and movement has been caught. Bright sunshine, how
ever, often results in strong shadows; so for portraits of children, girls 
and women, a soft diffusing disc or a reflector should be employed 
(see page 250). Those outdoor portraits in which the figure stands out 
against the quiet, but effective background of the blue summer sky are 
particularly impressive. The lower angle of the sun late in the afternoon 
is recommended. Should the illumination still prove too hard, generous 
exposure and a soft focus disc will cure the trouble. 

If your subject is not at all patient or genuinely co-operative when being 
directed into the desired pose, a third person should be enlisted to keep 
your model in a good humor. Although you may not be able to make the 
pictures you intended, you can still make the best of it, as shown in the 
series on pp. 58. 

As a rule, films of type I and II (page 39) are the most suitable for out
door portraits. 
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Person Process (pronounced Person) 

Two duplicate negatives are made from a vigorously developed miniature 
negative, one showing mainly the shadow details and the other the high
lights. They are then enlarged to the same size one after the other and 
superimposed on the same sheet of bromide paper. The resulting print 
will have rich detail in both highlights and shadows. The process natural
ly requires experience and a high degree of accuracy. 

Photographic E .... ects 

Callier Effect. - This causes an increase of contrast in negatives when 
enlarged with a condenser enlarger (see page 142). It hardly ever occurs 
with enlargers employing diffused light. Cause: The light rays striking 
the negative are scattered by the silver in the emulsion. The dense por
tions of the negative (the highlights) scatter the light more than the 
light (shadow) portions. Consequently the dense portions are underexposed 
to some degree, and the highlights ' become "chalky" even though the 
shadows are already well defined. A condenser enlarger with its directed 
light can almost double the contrast range. 

Eberhard Effect. - Equally exposed portions of a negative do not 
develop to the same density, except when they are of the same size; the 
smaller sections appear more dense. The reason is that the developer 
renews itself more easily at the edges of the smaller patches, and thus 
exerts a more vigorous action on this portion. This effect also explains 
why the highlights in a miniature negative are usually more brilliant than 
the same highlights in a large negative taken under similar conditions. 
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Herschel Effekt. - This causes exposed emulsions to react more strongly 
to red light than unexposed ones. As a result, part of the latent (but not 
yet developed) image may be destroyed. Exposed negatives therefore lose 
detail in the shadows when exposed to red light. The effect occurs 
particularly when emulsions, desensitized with Pinacryptol, are developed 
by red light instead of yellow, probably because of infra-red radiation. 
(See page 248.) 

Russel Effect. - Light-sensitive emulSIons are effected by fumes or 
radiations from certain substances which penetrate wrapping paper and 
cardboard, and cause fog when developed. Substances of this kind in
clude: fresh pine or fir wood, newsprint, printer's ink, lead, zinc, straw, 
turpentine oil, and some types of varnish. Sensitive material should not, 
therefore, be stored in new or newly varnished cupboards. 

Sabattier Effect. - Commonly called "pseudo-solarization". It causes 
the photographic emulsion in the -early stage of development to undergo 
a partial or complete tone reversal, if exposed to stray light during the 
process of development. 

Schwarzschild Effect. - In English-speaking countries known as "the 
failure of the reciprocity law" . When a photographic emulsion is exposed 



for a time "T" to a light intensity "L", the density " N" will result. (This 
rule applies to any values that may be assumed.) If "T" is doubled and 
"L"" halved (twice the time and half the light intensity), the density ob
tained will not be the same as in the first case, but less. A decreased light 
intensity with a correspondingly increased exposure time thus produces 
less density than a stronger light with a correspondingly shorter exposure 
(assuming, of course, that the products of light intensity and time are the 
same). Moreover, the so-called Schwarzschild-coefficient "q" varies in 
effect with different emulsions. 

Sterry Effect. - This means a reduction of the negative portions which 
have received the greatest amount of light (the highlights in the nega
tive) brought about by a preliminary bath of potassium bichromate prior 
to development, recommended preferably for too contra sty negatives (see 
page 154). 

Photo:m.ierography 
A simple quarter plate or 9 x 12 cm (31/ 4 x 43/ 4 in.) camera with triple ex
tension and a miniature camera lens of about 3.5 mm focal length can be 
used for photographing tiny objects. These photographs are called macro
photographs, which is a term applied to photographs of minute objects 
reproduced at or about natural size. Macro-photography is actually a 
reversal of ordinary photography which reduces all objects considerably, 
and leads the way, so to speak, to photomicrography, which depicts all 
objects greatly enlarged. A magnification of 8 to 10 times the natural 
size may be obtained with the equipment described above. Magnifications 
of 80 to 100 x may be obtained merely by enlarging these pictures ten 
times. 
Photomicrography of minute objects calls for the use of a microscope in 
conjunction with the camera. Modern miniature cameras can be equipp"ed 
with special accessories for photomicrography. There are several books on 
the market dealing with photomicrography, e. g.: Eastman I(odak Com
pany. Photography through the microscope. Rochester, N. Y. 1952 (bibl); 
Jackson, Allan. Amateur photomicrography with simple apparatus. London, 
Focal Press, New York, Pitman, 1948. 184 p.; Close-up photo-micrography 
with the Leica camera. New York, Leitz Inc. 47 p.; Shillaber, Charles P. 
Photomicrography in theory and practice. London; Chapman & Hall ltd., 
New York, Wiley & Sons, inc. 1944.773 p. 

Polarizing Filters 
By using a polarizing filter in front of the camera lens, undesirable 
reflections from non-metallic surfaces can be reduced or even eliminated, 
according to the relative positions of the camera., the source of light and 
the reflecting surface. Thus pictures can be taken through reflecting 
window panes, in which neither glass nor reflections can be seen. The 
polarizing of light means shifting its direction of vibration. Unpolarized 
light vibrates in all planes perpendicular to the direction of its propa
gation. The polarizing filter acts as an optical slit which only transmits 
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light that vibrates in the plane of this slit. Light can also be polarized 
by passing it through a so-called Nicol Prism made of calcareous spar. 
By using a second Nicol Prism or polarizing filter rotated at right angles 
to the first, polarized light can be completely extinguished. The intensity 
of polarized light can be controlled by rotating a polarizing filter in 
its path. 
In photography we are concerned exclusively with polarized light reflect
ed from non-metallic shiny surfaces. The drawing above shows the pro
cess of polarization in the form of a diagram. The beam of light rays 
coming from the top left-hand corner vibrates in all planes perpendicular 
to its path and is not polarized. When it strikes a non-metallic surface 
at an angle of approximately 35 0, the light is reflected and polarized. 
The effect is less at other angles of incidence and disappears entirely at 
0 0 and 90 0• This polarization means that the reflected light vibrates in 
one plane only. If it strikes a polarizing filter, it passes through it, pro
vided that the microscopically small crystals of which the filter is com
posed are aligned parallel to its plane of vibration. If the polarizing 
filter is rotated, so that the crystalline structure of the filter is at right 
angles to the plane of vibration of the light ray, the beam is entirely 
cut off. There are two conditions which have to be satisfied if reflected 
light vibrating in one plane only is to be interrupted by a polarizing filter. 
First the best position must be found for the three factors: light source 
- reflecting surface - camera position (that is to say the angles of in-
cidence and reflection of the light). Secondly the polarizing filter must be 
so rotated that it actually absorbs the reflected polarized light. The desired 
effect can be observed when the object is viewed on the ground-glass 
screen. Modern polarizing filters can be properly adjusted without exami
nation in a ground-glass screen. 

Reduction by an ab:rasing Dlixtu:re 

2S4 

Large sized negatives can be reduced locally by placing a little abrasive 
paste (of the kind used for cleaning silver) on those portions which are too 



dense and by rubbing with the finger tip until the density is sufficiently 
reduced. Baskett's reducer, consisting mainly of Globe metal polish, 
terebene and salad oil in equal parts, can be used and there is also a ready 
made preparation under the name "Frictol" produced by Vanguard Manu
facturing Co. England. Kodak abrasive reducer serves the same purpose. 

Reflections 

Can you photograph yourself in a mirror? Of course, you can. You take 
it for granted that focusing on the mirror will result in a sharp picture 
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of yourself. But you are wrong, the picture will be unsharp. The reason 
for this is explained by this diagram: It is not sufficient for observer "B" 
to focus upon the mirror "S" when he wants a sharp picture of the object 
~~O" reflected at "S 1". The correct focusing distance is B - 01, which is 
composed of the distances B - S 1 plus S 1 - 01. Accordingly, for a self
portrait in a mirror, focus to twice your distance from the mirror. So if you 
are 4 feet from the mirror, the camera must be focused to 8 feet. 

Reflections in wet streets, on water etc.: If the reflection is in the fore
ground and has to be in sharp focus, it should lie within the depth of 
field zone; otherwise the structure of the reflecting material will be out 
of focus. The ideal, theoretical, situation - a reflection so smooth and 
undisturbed that the photographer merely has to focus on the reflected 
object to get a sharp picture - never occurs in actuality. The fact that in 
theory the reflected image of a church steeple at a distance of 50 yards 
(which may appear to be only 3 to 4 yards away) is sharply defined at 
a focus of 50 yards should not mislead us into adopting this focusing 
distance. Such a solution is possible only when (in this case) both the 
50 yards range and the reflecting foreground are within the depth-of
field zone. 

RelDoval of hypo stains 

Before using any stain remover, a portion of fabric should be tested. If 
clothing is washable, soak as soon as possible in a fresh solution of one 
part of hypo and 7 parts of water. Rinse thoroughly in cold water. If stains 
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remain in cotton material treat in one part of laundry bleach and 
9 parts of water, then rinse in a solution of one part of hypo and 7 parts 
of water. Repeat until the spot is completely removed. To remove stains 
from whool the material should be treated with iodine tincture then rinsed 
in a solution containing one part of hypo and 7 parts of water. Pro cess 
should be repeated until the stains disappear completely. 

Roundness in Space 

This is called "plasticity" on the Continent, and it is that which gives the 
picture a three-dimensional appearance. This roundness can be produced 
by back-lighting, because the shadows converge towards the observer and 
so emphasize the impression of depth. This striking effect can be achieved 
even in normally lighted pictures. One way to do this is to have the depth 
of field as small as possible, with only the actual subject sharply defined, 
while in front and beyond it the zone of sharp definition decreases rapidly. 
With small objects at close range this can be done easily, since their depth 
of field zone will be small, anyhow. Otherwise, a fast lens and full aperture 
are the only remedy; for the larger the aperture of the lens, the smaller 
becomes the depth of field. 

SensitolDetry 

This deals with the testing of sensItive material, and the study of the 
effect of exposure and development on it. From the results obtained 
various methods have been employed for rating of emulsion speed, contrast 
and rate of development. In Germany the DIN-method is used (see 
page 135) and in the United States the A.S.A. ratings. 

Shutters 

Between-lens shutters can be likened to 
a watch mechanism arranged in a ring 
around the lens. Outstanding represen
tatives of this type of shutter are the 
Kodak Synchro-Rapid 800, the Kodak 
Synchro 300, the Synchro-Compur, the 
Prontor and the Epsilon shutters, with 
shutter speeds from 1 second to 1/ 800 , 1/ 500 

or 1/300 second respectively. Most of these 
shutters have a built-in delayed action 
release, and all are" synchronized for 
flashlight. New shutters of outstanding 
performance are the Synchro-Compur 
with light values, and the Prontor-SVS. 
Other well-known between-lens shutters 



with the same high precision, but a reduced number of shutter speeds, are 
the Century-Flash, the Kodak Flash 200 and the Pronto, Vario, Velio etc. 
shutters. 

In focal-plane shutters an adjustable slit between two roller blinds 
moves directly in front of the film or plate. With focal-plane shutters 
speeds up to 111250 second or more can be obtained. 

Snow and Winter Sports 

Snow only looks like snow when it is lit by the sun, but it looses its 
character even in sunlight when the peculiar, blue shadows are absent 
from the picture. For true to nature results , a yellow filter No. I should 
be used with orthochromatic negative material and a yellow filter No. 0 
with panchromatic material. This can be omitted when using films which 
are less sensitive to blue. Snowscapes need filter factors 50 % higher 
than those for summer, because the light contains more blue rays. Pan
chromatic material is the most suitable, since it is less sensitive to blue. 
Exposure times should be generous. 

Small objects at close range give more satisfactory results than wide, 
sweeping snowscapes. A well defined and sharp foreground is essential for 
snow scenes (foot prints, ski tracks, etc.). ~iake sure to get the foreground 
as sharp as possible. If your camera has a depth-of-field ring, focus as laid 
down on page 60. Do not use yellow filters with panchromatic film at a 
height of above 1200 m (3600 ft) if there is a clear blue sky, as it would 
appear almost black. At this height a UV-filter is essential in bright sun
light, because our lenses are not corrected for the ultra violet rays prevail
ing at that altitude and a slight blurring would otherwise result. The best 
lighting conditions are found during the early morning and late afternoon, 
when the sun is low in the sky. This throws the snow into relief. Snow
scapes should never be printed on tinted paper, but only on pure white 
surfaces. 

Solarization 

This word is derived from " sol", - the sun. The expression can be illus
trated by the fact that if the sun disc is photographed, it does not 
appear black on the negative, but light. Excessive exposure causes this 
" solarization" or reversal of the silver bromide grains. Every normal pic
ture contains solarized silver bromide grains at its points of greatest 
density; see under " Gradation", page 135. For pseudo-solarization see 
under Sabattier effe ct , page 252. 

Sports e-vents 

For successful photographs of sports events familiarity with the charac
teristic movements of the sport in question is essential. The shortest 
shutter speeds of 1/ 500 to 111000 sec. are not always necessary, provided 
the movement is " frozen" at its point of climax, which is frequently a 
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movement of poised or suspended action. Every movement has a begin
ning, a climax and an end. It frequently happens that the climax or 
highest point is also the so-called "dead point", where the final move
ment is about to begin. This moment of suspended animation usually 
gives the most impressive pictures and conveys the illusion of rapid 
motion. There are some cameras with focal-plane shutters, the slit of 
which travels from one side to the other, and others with the slit 
travelling downwards from above. The best sports pictures will be ob
tained when the slit travels in the same direction as the subject. Athletic 
sports showing the human body in action should be taken from a fairly 
low viewpoint, so as to pose the subject against the sky. Panchromatic 
film should be used for better representation of sun-tanned skin. A frame 
finder is preferable to one of the optical type. 

Sport8 picture8 in winter 

In sunlight, ski jumping and other movements need exposure times of 
1/300 sec. to 1/500 sec. at f: 2.5. Red-sensitive, panchromatic artificial 
light film gives a pleasant recording of brown, sun-tanned faces, which 
otherwise will look almost black. Photographs of ski-jumps and other 
rapid movements demand skill and often need considerable directing. 
The movement should take place within a pre-determined area so that 
the figure stands in oblique light while the picture is taken from below. 
The dazzling white plume of scattered snow can only be successfully 
photographed with direct or oblique backlight, when a lens hood must 
be used. Pictures of this type are unobtainable on slopes already worn 
smooth by skiers as there will no longer be a powdery trail. 

For fast action photos, optical viewfinders are less suitable than the 
simple frame finder. 

Skiing expeditions are apt to be strenuous affairs, and the extertion may 
prevent the hands being steady enough for tele-photo exposures. Use 
short exposure times of 11100 sec. or less and an appropriately larger stop. 
On such expeditions, secure the camera in its ever-ready case by attaching 
it to your belt as this will prevent it from swinging about. Always cover 
the lens and remember that a cold camera brought into a warm room 
will start .to sweat like a window pane. Polishing is useless - leave it to 
dry slowly without exposing it to heat. 

Stage photography 

High speed panchromatic film should be used, as the main difficulty to 
overcome will be the frequentlf changing light on the stage. Stage 
illumination depends on the mood prevailing in the play and it is, 
therefore, useless to attempt exposures at a play where the stage is in 
semi-darkness all the time. You will do better to keep to the well-lit 
stages of city theaters and gay, lively plays, where exposures of 1/10 to 
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1/100 second are possible with f: 2. If the illumination is not so bright 
and exposures up to 1 second are necessary, a chestpod or a unipod 
will prove useful, provided that the movement on the stage permits ex
posures of this duration. The new, fast Tri-X film permits to halve ex
posure times or to take pictures even under unfavorable light conditions. 
Lately a decision has been handed down which permits to take pictures 
of court room procedures if no flash is being employed. This, of course, 
calls for use of Tri-X-film. Use an electric exposure meter (page 196). 

Still Life 

A still life photograph contaInIng two objects will usually be more effec
tive than one with twenty. What is being photographed is not so important 
as how the photograph is taken, and this chiefly is a question of lighting. 
For a still life, lighting should be used by the photographer as the artist 
uses paint: to emphasize form and design. Back-lighted still life pictures 
usually are the most successful. 

Sunny Countries 

In sunny southern countries, exposure times are essentially the same as 
in our northern latitudes. Glaring highlights and correspondingly deep, 
almost black shadows, particularly on southern architecture produce 
high contrast effects with a relatively short range of half-tones. Shorter 
exposure times will only result in increased harshness. The most reliahle 
guide is a photo-electric exposure meter. 

Supersonic Sound Waves 

Dirty linen can be washed by supersonic sound waves, and in the same 
way the grain of highly sensitive emulsions can be refined. These waves 
are mechanical oscillations of very high frequency produced electrically. 
During the mixing of the emulsion, these extremely rapid vibrations 
cause the silver bromide particles to be loosened and distributed more 
uniformly. This prevents the clumping together of the grains, a defect 
which normally arises when the emulsion is mixed by stirring only. In 
other words, the emulsion is agitated in a way impossible by any other 
method. 

Testing of Photographic Materials 

Negative Materials. - Miniature photography demands an absolutely 
flawless emulsion layer. Even the tiniest dust mark can be disastrous. 
Holes in the emulsion caused by air-bubbles are, of course, equally damag
ing in effect when the negative is developed. Nevertheless, they are 
among the most common defects in the manufacture of film. An amateur 
can test sensitive material only by comparing the behavior of two 
emulsions under the same conditions. To examine the size of the silver 
bromide grain, a magnifying glass (10 x) is indispensable. Color sensiti
vity can be tested by means of a color chart (I(odak). The amateur can, of 
course, also make his own test chart. Uniform results can be obtained only 
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if the test (for daylight) is carried out under an overcast sky which is 
strictly neutral in color and always at approximately the same time; for the 
spectral composition of 'white' light varies with the time of the day, 
tending to blue around noon, yellowish in the morning and towards even
ing, see page 219). 

Amateurs who are interested in sensitometry can make simple sensito
metric tests of their material by using the Kodak Grey Wedge, a cheap 
and useful little instrument. The film or plate to be tested is exposed 
through the grey wedge with a definite light source controlled by a volt 
meter or rheostat and with controlled exposure time. The sensitivity 
scale will show to what extent two simultaneously exposed samples differ 
in their overall sensitivity. Alternatively, different developers can be 
tested on two identical films or plates, which have been exposed in the 
same way. Findings, however, are relative, but there is no need for ab
solute values. This is a very good means of checking on new developers, 
and is particularly instructive when fine-grain developers are conl
pared. The standard developer for testing purposes is metol-hydroqui
none developer diluted 1 : 4 (developing time 3 - 4 minutes, according to 
the formation of fog and the contrast desired). Completely accurate 
sensitivity tests cannot, of course, be expected from this little instrument. 
As for absolute precision, a light source of standardized color (see 
page 256) is required. Moreover, it is only emulsion of equal sensitization 
which can be compared. On the other hand, the gradation (see page 135) 
of particular materials developed with specific developes can be tested 
with excellent results. 

Positive materials. Photographic papers should be tested for_ the 
smooth uniformity of their surfaces. Sometimes the exposed and deve
loped picture shows a mealy, mottled surface, which is particularly un
desirable for pictures with large uniform areas. When correctly exposed 
and developed with a suitable developer, the surface of the paper should 
be uniform and free from mottled patches. High contrast (hard) papers 
tend to have mottled surfaces and so have old papers, or those which 
have been stored carelessly. The papers can be tested by exposing a 
sheet to diffused light (without a negative). The exposure should be 
short enough to give the surface a light silver-grey tone when developed 
for 11/2 to 2 minutes. This tone must be absolutely clear and free from 
any spots. Papers which develop properly in a standard Metol-Hydro
quinone developer can usually be relied upon. Metol-hydroquinone deve
lopers with sodium carbonate give as a rule more uniform surfaces than 
those with potassium carbonate, but the latter give a more brilliant tone. 

Lenses. - Lenses should be tested by the method described on page 172. 
-. 

Filters. - Filters, also called color filters, light filters or screens, are 
effective only when they are plane-parallel, particularly in miniature 
photography, where high-speed lenses are -used and where the definition 
of the picture will suffer from an imperfect filter. The filter is tested in 

260 



the dark by holding it under a lamp so that the latter can be seen re
flected in it. If two outlines (from the upper and lower surfaces of the 
filter) can be seen, it does not matter, but these outlines should not shift 
relative 1.0 one another when the filter is rotated. If the outlines do shift, 
this is proof that the filter is not plane-parallel. Gelatine filters cemented 
between two cover glasses are obtainable in a wide range of colors and 
hues for a variety of purposes, but filters consisting of a single piece of 
glass dyed in the mass are preferred nowadays. They are frequently 
accurate to within one minute of arc, but their range is limited to those 
colors which are most often used by the amateur: yellow of various 
densities, green, blue, orange and red. 

Complaints. - Complaints should be made preferably through your 
photographic dealer. Naturally, they should be well founded and sup
ported by evidence. If this is not the case and you have approached the 
manufacturer directly, you are running the risk of getting a reply on 
that all-too familiar "Complaints form 76 b ... " "so we presume that lack 
of experience and unsuitable processing etc. etc .... " - With regard to 
sensitive materials, the serial number of the emulsion must always be 
quoted and the remaining unexposed material attached. As a matter of 
fact, all manufacturers welcome justifiable complaints, as they are a 
valuable help in attaining the highest standard of efficiency. 

Tiny Oh.jects 

The optical side of this question has already been discussed on page 192. 
Here is yet another method of ensuring a sharp definition of tiny, living 
objects such as beetles, butterflies or small flowers swaying in the breeze. 

A plate camera (9 x 12 cm [31/ 4 x 43/ 4 in.] or quarter camera will do) 
is adjusted to its longest extension (double or more) and focused on some 
tiny object of any kind. A piece of wire or a small wooden stick is then 
fastened to the baseboard of the camera by means of some adhesive 
tape. The far end of the wire or stick must be exactly the same distance 
from the lens as the object itself. By this means we can obtain a fixed 
focus setting for a predetermined extension and distance. 

If the test object is replaced by the object to be photographed, all that has 
to be done is to place the far end of the wire or stick next to this objecL 
Naturally, the lateral distance between the end of the wire or stick and 
the testing object should be noted beforehand, so that it can be placed 
at the same distance from the actual object in order to have it exactly 
in the center of the picture. This method, suggested by Dr. Otto Croy, 
is strongly recommended for taking pictures of tiny objects. As the depth 
of field is restricted because of the abnormally long bellows extension, 
the lens should be stopped down to at least f: 8 or f : 11. With a film 
of 64 A.S.A. = 29 0 B.S.!. these stops should permit a shutter speed of 
1/ 25 second (best possible lighting presumed), which means that the shot 
can be made with a hand-held camera (see pages 132 and 193). 
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Tripods 

There are all sorts of tripods and camera supports. There are table or 
clamping tripods of pocket size, which can be clamped to a table, a 
branch, a bicycle or a car. There are chestpods with neckstraps which are 
ideal for eye-level cameras, and chainpods to which the camera is at
tached. When the owner stands on the end of the chain and pulls the 
camera up to the eye, exposures up to 1/ 2 second can be made. Then 
there are the real tripods of metal or wood, which provide a firm support 
for every camera. Incidentally brass tripods are preferable to aluminum 
ones, and if one of the very useful ball and socket heads is added, choose 
one that is really rigid and strong. 

Underwater Photography 

The new sport of underwater swimming and photographing ha,s acquired 
an enormous international following and, without doubt, sub-aqua photo
graphy is here to stay. "The Photographic Retailer", the British Photo
graphic Dealers' Association Journal", goes even further and predicts 
"the underwater pictorial critic" and "the expert on submarine com
position". Underwater photography is a new branch of exploration and 
is still in its infancy, but Norman Lewis is right when he says in ~ ~Good 

Photography": "There can be few aesthetic thrills in life to compare 
with that obtained from one's first vision below the surface of a clear 
sea. Our first reaction is enchantment and amazement at the incredible 
richness and vitality of the new world opened up for us." - Underwater 
photography has become possible only through the invention of the 
frogman's outfit. The old-fashioned diver wearing his heavy equipment 
was hardly ever able to take good photographs, particularly when reach
ing the bottom, for then mud is disturbed, spoiling the clarity of the 
water, which is the most important factor for this kind of work. There is 
still much to be learned about photography under water, although Dr. Hans 
Hass, I. Y. Cousteau, D. Rebikoff, Henri Broussard and others have al
ready published their experiences. 

The light decreases rapidly with increasing depth, but it easily pene
trates clear water. Suspended matter and plankton (drifting and floating 
organisms) absorb and scatter the light, making the water dull. For this 
reason most lakes are unsuitable for underwater photography, and so is 
the greater part of the North Sea with its constantly wind-swept waves. 
Clear water can be found on the shores of the Baltic Sea and the water 
of most tropical seas, in which Hans Hass and his wife Lotte did their 
diving, is usually crystal clear. Water of remarkable clarity is found in the 
Bermuda Sea and also in the IVlediterranean, where Cousteau and his Under-
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sea Research Group are diving. In tropical waters the visibility may be 
good up to 150 feet, and photography without the use of artificial light 
may be quite possible at a depth of 100 feet. 

The scattered light makes objects lose contrast with increasing distance 
and gradually they disappear into their grey-green surroundings. The 
photographer has, therefore, to content himself with close-ups. The dis
tance between object and camera should probably be not more than a 
third of the total visibility. The water's index of refraction, varying with 
temperature and salinity, makes underwater photography a little difficult 
for the be.ginner. The greatest difficulty lies in estimating the correct 
distance. In quiet water all objects seem to be nearer than they really 
are, so there is a risk of under-estimating the distance. The reflex camera 
is therefore best suited to underwater photography as it allows focusing 
on the ground-glass screen. There is no hard and fast rule about 
underwater exposures, and it is impossible to calculate an exposure 
table. The surge of the waves, the degree of clarity of the water and the 
weather above the surface are constantly changing. At about 10 feet 
under water with visibility of 20 to 25 feet, the exposure time of 1/50 se
cond at f : 8 with 80 A.S.A. = 30 0 B.S.!. film has proved to be correct in 
the Baltic Sea when the weather was clear and sunny. 

The camera must, of course, be kept in a water-proof casing. In recent 
years photographic underwater equipment has been steadily coming on 
the market. The manufacturers of the Rollei, Robot and Finetta (Ditto in 
the U. S.) cameras have exhibited new underwater casings for their cameras 
at 'the Photokina 19.54 and R. G. Lewis of London have announced the first 
British waterproof case for Leica, Reid and similar cameras, while Wallace 
Heaton sells the Dart Universal Camera Container, suitable for all 
miniature and most medium-sized cameras. 

The Aquaphot housing fits the Leica and the Rolleiflex. The Maco housing 
fits the Leica, Contax, Nikon, Revere Stereo, Realist, Robot and Rolleiflex 
cameras. They come in cast aluminum for the Rolleiflex and the Leica 
(designed by Hans Hass) and the Robot or in plastic cases for the Leica 
and the Rolleiflex. They are being distributed by the Fenjohn Underwater 
Photo & Equipment Company, Ardmore, Penna. The same company 
markets the still camera "Fenjohn Goggler" which can go as deep as a 
free diver can go. It can take as many as 45 pictures in one dive on 
70 mm film, or can use a standard 120 film. It weighs 7 lbs. 2 oz. in air, 
1 lb. 4 oz. under water. A cheap housing within the reach of everybody's 
purse is the terry Blimp selling for $ 7.95. The camera is inserted through 
an opening into a housing that consists of an inner tube-like rubber with 
a round piece of plate glass on the other end. The opening is then sealed 
with several heavy rubber bands. The shutter is operated by pressing the 
release through the rubber. 
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Viewfinders 

1) A frame-viewfinder by Leitz (Iloca, Robot), 
which is more practical than the normal optical 
viewfinder for arresting rapid a ction. For 
sports photography a simple frame-finder has 
its merits. 

2) The Albada-Viewfinder by Zeiss Ikon is 
equally suitable for all purposes, including fast 
action shots. The actual finder image is sharply 
defined in its wide field of view. The front 
lens has a thin silver coating on the inside and 
a white line which is reflected from it marks 
the limits of the image field. 

3) Robot Angle - Viewfinder, which permits 
photographing " round the corner". The illus
tration shows its internal mechanism. 

4) Leitz Universal-Viewfinder for all focal 
lengths from 35 mm to 13.5 mm with parallax 
compensation. The image is erect and the right 
way round. 

5) V oigtlander "I(ontur" suspended viewfinder 
(see page 265), same principle as Kirn view
finder, with interchangeable front sections for 
various focal lengths. When viewing with both 
eyes open, a white rectangle appears super
imposed on the subject. 

Weekend Pictures 

They are generally ' group' photos. We all know 
those forbidding family groups of the Victo
rian era. Their stilted formality must be 
avoided at all costs. A number of people will 
look more ' alive' and less self conscious if they 
are busily engaged in some form of activity; 
parties, garden fetes , outings and picnics will 
offeru"ilbounded opportunities for catching your 
subjects off their guard. Remember the 
snapshot technique outlined on pp. 21 - you 
will find that it meets practically all circum
stances. On the other hand, many group pictures 
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which appear delightfully natural and informal 
are actually the result of skilled and painstak
ing direction. Dr. Paul Wolff was a master of 
this art which requires a keen sense of timing, 
an eye for effective situations, and the power 
to handle people without irritating them. The 
keynote of a good picture is always simplicity. 
I t is essential to eliminate distracting details 
before pressing the button. 

As a rough and ready guide, stop down to f : 8 or f : 11, at 25 feet (8 m) 
for distant objects and 12 feet (4 m) for close-ups, in good to fair lighting 
conditions. These settings will be suitable for practically all situations. 
Then tension your shutter, creep up on your prey, and, like a good 
hunter, shoot from ambush. Camera consciousness is always fatal; you 
may train your subjects to overcome this failing, but never when you 
make a lot of fuss over your picture-taking. Discreet management and 
spontaneity are both necessary ingredients of the successful group photo. 

A sun-burned girl posed against a deep blue sky makes a wonderful 
picture. But it should be noted that dry, tanned skin does not reproduce 
well, even on panchromatic film. It appears dark, dull and flat; against 
the sky it may even look like a silhouette. A good way of obtaining bright 
highlights, good modelling and clear detail is to put a little 'shine' on to 
the skin with the aid of suntan oil or face cream. 

Winter Sports 

See page 258. 
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Darkroom Trouhles 

x. Common Darkroom Troubles (see also page 119) 

Negative Process 

1. Negative lams contrast, see pages 163, 243. 

2. Negative too hard, see page 154. 

3. Fog: grey, fog, chalk fog, yellow fog, dichroic and other colored fogs , 
see pages 119, 120. 

4. Frillblg: wrinkled emulsion at edges, or gelatine layer parting from the 
film or plate in wrinkles. Cause: solutions, particularly the fixing bath, too 
warm or great differences of temperature between solutions and wash 
water. Prevention: Solutions of correct temperature, use of hardening 
fixer, page 96. There is no remedy after it has happened. Ill. 3, page 269. 

5. Reticulation. - Cause: stop bath, fixer or wash water much colder than 
developer temperature; sometimes the gelatine of the emulsion is 'allergic' 
to acid fixers, in which case a hardening fixer should be used. - No remedy, 
see ill. 11, page 270. 

6. Grey or blam: fog at the edges of films or plates. Cause: stale film. 

7. Damage to the emulsion 

a) bright, pin-point dots in the negative. - Cause: Dust on the emulsion 
or manufacturing fault. 

b) small blisters covering the negative. - Cause: stop bath too strong or 
manufacturing fault. See page 117. 

c) Small dark spots on the negative. - Cause: undissolved particles in the 
developer, bacteria or moulds or washing in polluted water (add a few 
drops of carbolic acid if no other water is available). 

d) Pinholes and irregular transparent spots. - Cause: see a), or, else air 
bubbles forming while developing or emulsion partly destroyed by flies. 

e) "Streetcar-Lines" or "Tram-Lines", long parallel scratches over a series 
of negatives. - Cause: Dust in camera which cuts into the emulsion when 
the film is advanced. In roll film cameras with bellows, the folds of the 
bellows may scratch the emulsion when the film is advanced in the closed 
camera. 

f) Fingermarks on dry negatives. If they are freshly made wipe the dry 
emulsion with a piece of cotton soaked in carbon tetrachloride. 

8. Drying marks on negatives. - bause: irregular drying, too fast at the 
beginning, too slow later, change in temperature of drying room. No re
medy. - Ill. 12, page 270. 

9. Water marks on negatives. - Cause: Drying of individual drops of 
water. Try to remove them by washing the negative for 24 hours. 
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DarkroODl Trouhles 

10. Uneven development, streaks or areas of varying density in negatives. 
Failure to immerse negative completely and evenly in developer. No 
remedy. 

11. Irregular tank development. - Cause: Lack of agitation, portions of 
film sticking to one another, parallel streaks over the image area between 
the perforation holes of miniature films are also due to lack of agitation. 
The film should be moved up and down as well as round and round. 

12. Geometric pattern on negative. - Cause: reflections inside the lens, 
frequently seen in photos against the light, when lens is uncoated and used 
without a lens hood. Most frequent with lenses consisting of four or five 
individual uncemented lens components. 

13. Net or honeycomb structure on the negative. - Cause: Tray develop
ment with insufficient agitation of the tray. 

14. Bla<k irregular branmed and forked lines. Cause: Static markings 
caused by an electric charge brought about by advancing the film too 
quickly in the closed camera. 

15. Irregular grey fog mixed with dark pattern. - Light leaks in either at 
the front or through holes in the bellows of the camera. Sometimes a 
retaining screw in the lens flange has fallen out. 

16. Halation. - No remedy. Ill. 1, page 268. 

17. Converging lines, see page 152. 

18. Cut off heads. - Cause: Viewfinder parallax, see pages 62/63. - If the 
parallax is not automatically compensated for, it can be remedied by tilt
ing the camera slightly upwards, that is to say, the optical axis of the 
taking lens should be lifted slightly towards the axis of the finder lens. 

19. Scratched miniature negatives, see page 159. 

20. Partial melting of emulsion during drying. - Cause: Drying tempera
ture too high (never dry films in the sun). Ill. 9, page 270. 

Posi.lye Process 

21. Flat picture without co.ntrast. - Cause: Wrong paper gra,de, exhausted 
developer or red darkroom illumination whose deceptive light indicated 
a higher contrast than actually existed. - Remedy: Use a yellow-green 
safelight filter. 

22. Fading contrast occurs with matte papers after drying, when the devel
opment was insufficient. On matte paper the wet picture naturally looks 
more contrasty than it really is. If the fading is abnormal, however, it is a 
manufacturing fault. 
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DarkroolD Troubles 

23. Mottled or cloudy pictures. - Cause: Over-exposure. If it occurs even 
when the exposure and development were correct it is a manufacturing 
fault. Frequently encountered with high contrast papers, see page 260. 

24. Dark lines. - Cause: Scratches due to abrasion. - Remedy: sometimes 
they can be removed by wiping the wet print with the finger. 

25. Circular white and grey spots. - Cause: Air bubbles during develop
ment, see page 160, tip 17. 

26. Flat and grey prints. - Cause: Stale paper which has been kept too 
long, sometimes in slightly damp store-rooms. - Remedy: Unless too old, 
add developer improver to developer (Johnson 142, Latitol, I(odak Antifog 
No.1, Edwal Orthazite). 

27. Greyish highlights. - Cause: Paper not packed in a light proof con
tainer, or exposed too long to the darkroom lamp (Cover the tray with a 
piece of cardboard). 

28. Circular concentric patterns. which are not in the negative but appear 
in enlargements. Cause: Newton's rings, see page 160. 

29. Stipples on glazed pictures. - Cause: Air-bubbles. - Remedy: Rinse 
and glaze once again (see page 148). 

30. Yellow fog and yellowish spots. - Cause: Forced development, expo
sure too short, development too long, fixing bath insufficiently acid, insuf
ficiently rinsed between developer and fixer. - Remedy: Try thiocarbamide 
bath. 

31. Glazed pictures show yellow stai,ns. 
print dryer too hot, or both. 

Cause: Insufficiently washed, 

III. 1. Halation. III. 2. Finge r marks on emulsion (enlarged) . 
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III. S. Wrinkle d emul sion l e aving it s base 
b ecau se of too warm solution. 

111.5. Ne gative not wa sh e d prop e rl y . Hypo 
and bacte ria damage. 

III. 7. Hypo on fini shed print ha s bl e ame d 
th e e mul sion. 

DarkrooD1. TI.·oubles 

III. 4,. Du s t particl e s on e mul sion seen b y 
incident light ( and enlarge d) . 

III. 6. Spot of gr e ase on emul sion. D eve lop e r 
prevent e d from working. 

III. 8. U nwash e d n e gativ e emul sion after 
six month s. 
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Darkroom. Troubles 

Ill. 9 . Partial melting of emulsion during 
(too warm) drying. 

Ill. 11. Reticulation (solutions too warm). 

270 

111.10. Four faults in one negative: 1) Light 
through hole in bellows 2) incorrectly fo
cused 3) scratm by finger nail 4) manu
facturing fault in emulsion (perpendicular 
line) . 

Ill. 12. Drying marks (difference In drying 
temperature) . 
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rlDissible exposure tilUes 

lUoving objects 

I Men and horses at walking speed 

Foliage in moderate wind 

Children playing quietly 

Street scenes 

Groups in slow motion 

Slowly moving cars 

Streetcars (tramcars), cyclists 

Children playing actively 

A.nimals in motion 

Animated groups 

Passers-by in the street at 

close range 

Sports pictures 

Cars at high speed 

Speed boats 

Ski jumps 

Group photos with rapid 
motion (close-ups) 

Direction of motion relative 
to the camera 

~ and t I!and~ 
~ 

and 

~ 

1/25 1/25 1/50 
Sec. Sec. Sec. 

1/50 1/100 1/200 
Sec. Sec. Sec. 

1/250 1/500 1/1000 
Sec. Sec. Sec. 

If rapidly moving objects are taken with cameras having focal-plane shut
ters, the camera should, if possible, be held so that the slit of the shutter 
travels in the same direction as the object (i. e. horizontally or vertically). 
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Weights and Measures · Conversion Tables *) 

Temperature 

Conversion 

Scale 

125 

120 

115 

110 

105 

100 

95 

80 

75 

70 

65 

60 

55 

&I 
." 
o ... 
. ~ 

50 

40 

~ 30 
u 
o 

-+--20 

50-...... - 10 

, In American photographic practice, solids are weighed by either the 
Avoirdupois or the Metric system and liquids are measured corre
spondingly by U. S. Liquid or Metric measure. The foll owing tables 
give all the equivalent values required for converting photographic 
formulas from one systeln to the other: 

A-volrdupois to M e tric Weight 

Pound s (lb ) Ounces (oz) Grains (grain) Grams (g) Kilogram s (k g) 

1 
0.0625 

2.205 

Gallons 
(gal) 

1 
0.25 

0 .2642 

16 
1 

0.03527 
35 .27 

7000 
437.5 

1 
15.43 

15430 

453.6 
28.35 

0.0648 
1 

1000 

U . S. Liquid to Metric Measure 

Quarts 
( qt) 

4 
1 

1.057 

Ounce s Dram s 
(F luid) (Fluid) 
(floz) (fldr) 

128 1024 
32 256 

1 8 
0 .125 1 (60 mins .) 
0 .03381 0 .2705 

33.81 270.5 

Con-version Factors 

Cubic 
Centimeters 

(cc) 

3785 
946.3 

29.57 
3.697 
1 

1000 

0.4536 
0.02835 

0.001 
1 

Litet· s 
(liter) 

3.785 
0.9463 
0 .02957 
0.003697 
0 .001 
1 

Grain s per 32 fluid 
Ounces per 32 fluid 
Pounds per 32 fluid 
Gram s per liter 
Grams per liter 
Grams per liter 

oz multiplied by 0.06847 
oz multiplied by 29.96 
oz multiplied by 479 .3 

= grams per liter 
= grams per liter 
= grams per liter 

multiplied by 14.60 
multiplied by 0 .03338 
multiplied by 0.002086 

= grains per 32 fluid oz 
= ounces per 32 fluid oz 
= pounds per 32 fluid oz 

Grams per liter approximately equals ounces per 30 quarts 
Gram s per liter approximately equals pounds per 120 gallons 
Ounce s (fluid) per 32 oz multiplied by 31.25 = cubic centimeters per liter 
Cubic centimeters per liter multiplied by 0.032 = ounces (fluid) per 32 oz 

cm X 0.3937 = inche s inche s X 2.5400 = cm 

U. S. Linear M easure to Metric Measure 

f ards (yd) feet (ft) inches (in) millimeters (mm) 

1 3 36 914 .4 
0.333 1 12 304.8 
0.0277 0.0833 1 25 .4 
0.00109 0.00328 ·· 0.03937 1 · 
1 .. 0936 3 .2808 39 .37 1000 

me ters (m) 

0.9144 
0 .3048 
0.0254 
0.001 
1 

*) Eastman Kodak Company. Processing Chemicals and formula s for black and white photograph y . 

Kodak data book. Roche ster, N. Y. , Eastman Kodak Company, 1954. p. 69. 
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APPENDIX 

to 

THE MANUAL OF MODERN PHOTOGRAPHY 

Since this book went to press, various sensational developments in emul
sion-making and film-manufacture have been made public. Rather than 
allow this book to be released in a form not quite as up-to-date as possible, 
the publishers have included in this appendix a brief account of the latest 
changes and improvements. 

The rejuvenation of the photographic film started with the beginning of 
1954, and research has not slackened since. For a long time photographers 
all over the world were quite happy with their high and low speed films, 
their fine-grain developers and their developing tanks in which developing 
was and still is done by ""time and temperature". 

At the beginning of 1954, however, the film manufacturers became restive. 
The Ininiaturists complained of ""bad definition" and of the increasing 
graininess of their enlargements. They blamed the high-speed double
coated films. In the meantime the scientists had been very busy indeed. 
The Agfa chemist Dr.I(oslowsky, as far back as 1936, had succeeded in 
increasing the speed of an emulsion without also increasing the grain by 
adding gold-thiocyanat to it. This secret method of making high-speed 
emulsions became known all over the world by the publication of the Agfa 
patents through the Allied Occupational Forces. The method is now uni· 
versally used. Furthermore, new methods of coating were invented and 
the safety base introduced generally. 

And so it has happened that the last two years have brought us a complete 
rejuvenation of the film. With the exception of a few makes the names 
of all the films have remained the same, but the films themselves have 
changed completely. The new films are generally of a higher speed and a 
finer grain. It is a fact that the grain of a high speed film is coarser than 
that of a low.speed emulsion and this fact still applies to the modern 
emulsions, but the grain of the high.speed films is now extremely fine and 
it has almost completely disappeared from low.speed film. Formerly minia
turists were always looking for means of obtaining maximum resolution, 
as distinct from the finest possible grain in miniature negatives. The question 
of grain has been uppermost in the miniaturist's mind but after the intro
duction of the new extremely fine-grained emulsions the much discussed 
fine-grain processing, as such, has become comparatively unimportant. 
As long as we had fast films with their inherent grain we were able to 
produce a sufficiently fine grain by using fine-grain developers, the silver 
dissolving ingredients of which, however, softened the sharp definition of 
the image. Formerly we were satisfied when a film had a good resolving 
power; now the new emulsions have taught us that a film can have both a 
high resolving power and fine grain but still no sharpness of contours, 
so that the picture detail will be mushy. The emulsion layer of the new 
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film is ultra-thin, about 1/1000 mm, in fact 50 % thinner than the former 
micro-grain films. While previously in the turbid double-coated emulsions 
the light scattered between the silver crystals, the new emulsions give 
maximum definition and crisp tone separation and this has led to the new 

.,' h " h A' " k' d expreSSIon contour-s arpness or, as t e mencan say, a new In 
of sharpness, the acutance!" 
The grain of the high-speed films is coarser, of course, than that of the 
medium speed films, but, as has already been said, the grain is no longer 
visible in normal enlargements. The old-type ultra-thin emulsions used 
to suffer from too high contrast, a poor tone scale~ a very low exposure 
latitude and the highlights were easily blocked. All that is a thing of the 
past. However, what is most important, one can use any developer to-day 
and develop the film to the speed indicated on the film box. Try to develop 
any modern film for 10 to 15 minutes in that good old "soup" Rodinal 
1 : 50 or use Microdol, Microphen, N eofin or Isonal "you simply can't go 

" h B' wrong , as t e ntons say. 

Let's have a look at these new films with the old names and start with the 
low-speed fine-grain variety: 

Adox KB 14 -
Agfa Isopan FF -
Hauff Pancola Granex 
Ilford Pan F -
Perutz Pergrano -

20 A.S.A. = 24 0 B.S.I. = 14/10 0 DIN 
16 A.S.A. = 23 0 B.S.I. = ' 13/10 0 DIN 
12 A.S.A. = 22 0 B.S.I. = 12/10 0 DIN 
16 A.S.A. = 23 0 B.S.I. = 13/10 0 DIN 
12 A.S.A. = 22 0 B.S.I. = 12/10 0 DIN 

All speed ratings given are the official ratings of the manufacturers, if one 
of the new developers is used (Microphen, Isonal) the speed on the ex
posure meter can usually be adjusted 4 to 5/10 0 higher. 
These are the medium speed films which are widely used by amateur photo
graphers particularly with cameras of medium formats, such as 6 x 6 CITI 
or 6 x 9 cm: 

Adox R 17 P -
Adox R 18 P -
Agfa Isopan F -
Ferrania P 3 -
Gevaert Microgran 27 
Hauff Pancola -
Kodak Panatomic-X -
Mimosa Panchroma -
Perutz Perpantic -

40 A.S.A. = 27 0 B.S.I. = 17/10 0 DIN 
50 A.S.A. = 28 0 B.S.I. = 18/10 0 DIN 
50 A.S.A. = 28 0 B.S.I. = 18/10 0 DIN 
40 A.S.A. = 27 0 B.S.I. = 17/10 0 DIN 
40 A.S.A. = 27 0 B.S.I. = 17/10 0 DIN 
50 A.S.A. = 28 0 B.S.I. = 18/10 0 DIN 
25 A.S.A. = 25 0 B.S.I. = 15/10 0 DIN 
40 A.S.A. = 27 0 B.S.I. = 17/10 0 DIN 
50 A.S.A. = 28 0 B.S.I. = 18/10 0 DIN 

There are several types of film of a speed rating between the medium and 
the high-speed films, they are 

Ansco All-~eather ) 

panchromatIc film - t 64 A.S.A. = 29 0 B.S.I. = 19/10 0 DIN 
Ansco Supreme - same J{ 
as All Weather. 
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Ilford FP 3 -
Kodak Plus-X film -

64 A.S.A. = 29 0 B.S.I. = 19/10 0 DIN 
80 A.S.A. = 30 0 B.S.I. = 20/10 0 DIN 

The high-speed films of conservative speed rating are: 
Adox R 21 P - 100 A.S.A = 31 0 B.S.I. = 21/10 0 DIN 
Agfa Isopan ISS - 100 A.S.A = 31 0 B.S.I. = 21/10 0 DIN 
Ansco Super-Press 125 A.S.A. = 32 0 B.S.I. = 22/10 0 DIN 
Bauchet Hyper
panchromatic -
Ferrania Superpancro 
Hauff Super Pancola -
Ilford HP 3 -
Perutz Peromnia 21 -

125 A.S.A. = 32 0 B.S.I. = 22/10 0 DIN 
125 A.S.A. = 32 0 B.S.I. = 22/10 0 DIN 
100 A.S.A = 31 0 B.S.I. = 21/10 0 DIN 
100 A.S.A = 31 0 B.S.I. = 21/10 0 DIN 
100 A.S.A = 31 0 B.S.I. = 21/10 0 DIN 

Films of a higher speed rating: 
Adox R 23 P - 160 A.S.A. = 33 0 B.S.I. = 23/10 0 DIN 
Gevaert Gevapan 33 - 160 A.S.A. = 33 0 B.S.I. = 23/10 0 DIN 
Ilford HP 3 - 200 A.S.A. = 34 0 B.S.I. = 24/10 0 DIN 
Perutz Peromnia 23 - 160 A.S.A. = 33 0 B.S.I. = 23/10 0 DIN 

The films of the highest speed now available are: 
Agfa Isopan Ultra - 250 A.S.A. = 35 0 B.S.I. = 25/10 0 DIN 
Gevaert Gevapan 36 - 250 A.S.A. = 35 0 B.S.I. = 25/10 0 DIN 
Ilford HPS - 400 A.S.A. = 37 0 B.S.I. = 27/ 10 0 DIN, 

the fastest film in the world 
Kodak Tri-X - 200 A.S.A. = 34 0 B.S.I. = 24/10 0 DIN 

The speed ratings of these films are conservative and all four of them 
have already been used with speed ratings up to 600 and 800 A.S.A. 

The famous Kodak Super-XX and the orthochromatic Ansco Plenachrome 
films have been discontinued, as (in the U.S.A.) has also the popular 
orthochromatic Verichrome film. 

The increasing number of new colour films on the market is a little con
fusing, although not to such a degree as it is on the American market. 
In Germany the new Adox Color Negative Daylight film has just been 
introduced to the German market. 

Processing and printing of the new film (25 A.S.A. = 25 0 B.S.I. = 15/10 0 DIN) 
is done by the processing plants of the Dr. C. Schleussner Fotowerke~ 
Frankfurt/Main. The speed of the Agfacolor and Gevacolor transparency 
films has been increased to 26 0 B.S.I. and the Agfacolor negative film~ 
made in Wolfen (Eastern zone) , to 40 A.S.A. = 27 0 B.S.I. = 17/10 0 DIN. 
In the miniature format two Kodak color films are now supplied: Koda
chrome and Kodak E-2 Ektachrome. Daylight Kodachrome has a speed 
index of 21 0 B.S.I. while E-2 Ektachrome is rated at 26 0 B.S.I. The Type A 
Kodachrome film has been discontinued and will be replaced by Type F 
Kodachrome film which is balanced for clear~ wire-filled flashbulbs without 
any need for filters. The E-2 Ektachrome for tungsten light will also be 
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issued as a Type-F. The speed ratings of these two films are given in terms 
of flash guide numbers, which are 95 for Type-F E-2 Ektachrome film when 
used with a G.E.C. No.5 or 25 flashbulb and 1/50 second; with the same 
shutter speed and lamps the guide number for I(odachrome Type-F is 85. 
If these films are used in daylight a Wratten Type-F Filter No. 85 C must 
be used and the Kodachrome film rated at 21 0 B.S.I. while the speed of thf' 
E-2 Ektachrome in this case will be 24 0 B.S.I. All I(odak roll film trans
parency films will now be the E-2 Ektachrome daylight and the Type F, 
which have the same speeds as the miniature size. Two color negative film s 
are made by Eastman I(odak: the I(odacolor Daylight and artifi cial light 
Type-A film and the Ektacolor film. The I(odacolor Daylight film is rated 
25 0 B.S.I. , the Type-A film 24 0 B.S.I. This film has always been processed 
by Eastman I(odak, who have now also released I(odacolor print material 
for home use. Ektacolor Daylight and Ektacolor Type-A are consumer
processed materials, rated at 25 0 B.S.I. and 24 0 B.S.I. respectively. 

Anscocolor transparency films have been discontinued in favor of the new 
Anscochrome film rated at 26 0 B.S .I. for daylight use. A Type-F Ansco
chrome balanced for 3,800 0 I( is announced and is to be used with clear, 
wire-filled flashbulbs. The film can be processed by the consumer. 

The Eastman I(odak Company has, furthermore, obtained a non-exclusive, 
non-transferable licence to manufacture polyester photographic base and 
film under DuPont patents. It seems that this extremely durable thin, and 
dimensionally stable base material , called "Cronar", is getting into 
its stride. 
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with measuring bright-line viewfinder. 

The most advanced Leica ca'mera embodies a number of 
temnical refinements which make the handling of the 
camera surpassiugly comfortable, rapid and foo I
proof. One of the main features is the triple com
bination of optical direct vision with superim
posed hright -line viewfinder frame and a 
central range finder field whim makes the 
measuring bright-line viewfinder ideal 
for the purpose because it introdu
ces the new principle of "ranging 
vision". It adapts itself to the 
different fiei,ls covered hy 50, 
90 and 135 mm. lenses and 
automatically compensa
tes parallax at all dis
tances. 
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STEINHEIL-PRECISION AND STEINHEIL-QUALITY - DEVELOPED BY AN OPTICAL EXPERIENCE OF 130 YEARS. 
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ADOX KB-FILMS 
ADOX KB 17,17/10 ° DIN = 28 ° Sch. 

ADOX KB 21,21/10 ° DIN = 32 ° Sch. 

ADOX KB14, 14/10 ° DIN = 24 ° Sch. 

THESE 35mm 
PHOTOGRAPH Ie FI LMS 
are top-quality products with especially fine grain 

for every type of exposure. 

MANY ENTHUSIASTIC 
FRIENDS 
have been gained within a short time by 

ADOX KB-films. 

Manufactured by 
Dr. C. Schleussner Fotowerke GmbH Frankfurt/M Germany 
Sole Distributors in the U. K.: Luminos Limited 45 Belsize Lane, 
Hampstead London N. W. 3 . 
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PHOTO· INFORMATION 
A SERIES OF INSTRUCTIONAL BOOKLETS 

which informs and advises the amal~ur 

in all special problems of photography. 

Each issue had 48 -64 pages, profusely illu-

strated, $ 0.75. 

Published so far: 

l
Or. Paul Nathrath 

GOOD PHOTOGRAPHS OF CHILDREN 

2 Dr. Otto (roy 

FILMS AND FILTERS 

3 
Rudolf Knapmann 

TIPS FOR THE BOX CAMERA 

U.S. Representatives: Ravelle Publications, 
76 West Chelten Ave. , Ph iladelphia 44, Po . 

HEERING PUBLICATIONS 

Quarterly 

Annual subscription (4 issues) $ 5.-

I bIll b 

The precision-built 35 mm candid camera 
with coupled rangefinder and interchange

able lenses from 35 to 135 mm! 

DIAX-KAMERA-WERK · WALTER VOSS 
ULM / Donau Western Germany _-m----! ~---------~~It·~ 

Please, ask for illustrated folder! 

PHOTO.MAGAZIN 
INTERNATIONAL EDITION 

IN ENGLISH 

The Photo-Magazin is a very universal 
periodical: it brings information on 
photographic technique and on new 
photographic products; it ha s news 
and entertainment, exquisite pictorial 
material in black and white and color, 
industrial reports and many more 
items from all countries, not the least 
from its country of origin, Germany. It 
appears in large format, contains 128-
160 pages and is renowned for its ex
cellent printing quality and general 
appearance. This much appreciated in-

_ ternational periodical has succeeded 
in being at the same time up to date, 
handsome and well informed. Plea se 
ask the representative in your country 

for a prospectus or write directly to 

HEERING-VERLAG • SEEBRUCK AM CHIEMSEE (Western. Germany) 



THE ROLLEI BOOK 
by Dr. Walther Heering 

288 pages (6 x 8 1/2 in.), art paper through

out, richly illustrated 6th edition, linen 

bound with colored dust jacket. $ 6.50 

This book matches the Rollei in ver~ati

lity. It is not encumbered by a ho~t of 

technicalities. Its contents aim at fulfill-

ing the reader's desire to get the maxi

mum ~atisfaction and pleasure out of photography. The comprehensive 

and instructive arrangement coupled with a lucid style will ntake profitable 

reading for every Rollei user. 

With supplement covering Rolleiflex 2.8 C, Rolleicord V and Cross Coupled 

shutter. 

POCKET LE ICA BOOK 
by Theo Kisselbach 

3rd Edition - Includes M 3 

224 pages, glazed art paper 

throughout, l(lvishly illustrated, 

linen bound, jacket In color, 

41/2 x6 in. fits any pocket or gadget 

bag. $ 2.95 

The Leitz factory's own Leica specialist i~ certainly most qualified to pro

vide expert advice. This book contains neither too much nor too little, and 

its wealth of practical information will serve the Leica enthusiast as the 

handiest reference book in the best ever-ready format. 

U.S. Repres entative : Rayelle Publications, 
76 West Chelt en Ave., Philadelphia 44, Pa. 

HEERING PUBLICATIONS · VADUZ 
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Ab - Col 
INDEX 

Aberrations 170 et seq. 
Aberrations, chromatic 171 
Aberrations, spherica I 171 
Abrasive reduction 254 
Absorption 37 
Acetic acid 29, 31 
Achroma,t 169 
Acidity of fixing bath, test for 95 
Actinic light 38 
Aerial fog 242 
Aerial perspective 246 
Agents, wetting 31 
Agfacolor process 229 
Agitation 30,31, 108 
Air bubbles 76 
Air bubbles, in lenses 172 
Albada viewfinder 264 
Alcohol (methylated spirit) 78, 85, 117, 

148, 165 
Am idol 87, 95, 160 
Ammonium persulfate 98 
Ammonium thiosulfate 116, 164 
Amounts, equivalent (of chemicals) 84 
Amperage 146 
Anastigmat lens 16, 170 
Anastigmat lens, double 170 
Angle of view 176 et seq. 
Angular field 176 et seq . 
Anscochrome 227, 236 
Ansco co lor fi Iters 236 
Ansco Pri nton 231 
Anti-Cal 31 
Anti-Foam 31 
Anti-halation backing 27 
Aperture, lens 22, 23, 180 et seq. 
Apla,nat lens 169 
Apochromat lens 170 
Aqua.lab 150 
Arc lamps, with color film 225 
Architectural photography 242 
Argus C 3 12 
Argus C 4 11 
Artificial light 41 
Artificia I light photography 23, 194 

et seq. 
Artificia,l light photography, in color 

225 et seq. 
Artificial light photogra phy, su itable 

film for 196 
Astigmatism 171 
Attachments, stereo 14 

Backing, anti-hal ation 27 
Bacteria 116 
Balance 82 
Base, a,nti-halation 27 
Bath, fixing 31, 76, 95, 164 
Bath, soda 159 
Bath, stop (clearing) 31, 117, 159 
Backlight, in color photography 222 
Batteries, for flashguns 209 
Beads, glass 107 
Between-lens shutters 256 
Be1utle'r, Willi 91 

Bloomed lenses 168, 182 
Blue-black tones 160 
Blue, over-sensitivity to 39 
Bolsey B-2, B-22 Set-o-matic 11 
Brightness range 138 
British Journa I of Photography 118 
Bromide paper 143, 158 
Bromide, potassium 86 
Brom ide, si Iver 31, 34, 74, 76 
Bubbles, a,ir 76 
Bubbles air, in lens 172 

Ca II ier effect 252 
Camera shake 61 
Camera, tilting the 65 
Cameras, field 66 
Cameras, folding 13 
Cameras, miniature 11, 12, 13 
Cameras, miniature, reflex 12, 13 
Cameras, miniature, with fixed lenses 11 
Came~as, miniature, with interchange-

able lenses 12 
Cameras, pinhole 16 
Cameras, polaroid 15 
Cameras, reflex; si ng Ie lens 13 
Cameras, reflex; twin lens 13 
Cameras, rollfilm 13 
Cameras, stereo 14 
Cameras, ultra-(sub-)miniature 10, 11 
Calsing, waterproof, for cameras 263 
Characteristic curve 137 
Chemicals 99 et seq. 
Chemicals, caire and storage of 

32, 99 et seq. 
Chromatic aberration 171 
Chromium intensifier 97 
Chromogenic development 229 
Cinching 64 
Circle of confusion 183 et seq., 189 
Cle'aning utensils 242 
Clea,ring (stop) bath 31, 117 
Close-ups 21, 179 et seq. 
Clumping of grain 105 
Coated lenses 168, 182 
Cold-light enlargers 142 
Color casts 224 
Color casts, correction of 224 
Color compensating filters 235 
Color correction fi Iters (for color photo-

graphy) 224 
Color couplers 229 
Color film 220 et seq. 
Color film, care of in tropics 227 
Color film, exposu·re table fo'r 221 
Color film, speed of 220 
Color formers 164 
Color of light 36, 37, 46 
Color paper 230 
Color photography 216 et seq . 
Color photography, illumination for 222 
Color photography, principles of 

229 et seq. 
Color, representation of: in color pic

tures 223 
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Color representa,tion of: in terms of 
grey tones 38 et seq., 45 et seq., 196 

Color sensitivity 38, 39, 42 
Color slides (transparencies), faults in 

237 
Color slides (transparencies), mounting 

and projec.ting 227, 231 
Color, subjective interpretation of 

216 - 218 
Color temperature meters 218, 223 
Colortone Outfit, Foca I 164 
Coma 171 
Compensating developers 85, 88, 138 
Condensers, en larger 143 
Confusion, circle of 183 et seq., 189 
Contac.t paper 79 
Contact printing 79 
Contrast fi Iters 44 
Contrast graldes (paper) 80, 144 
Contrast, increasing or decreasing 243 
Contrast, nega,tive (gamma) 114 et seq., 

135 
Converging (positive) lenses 168 et seq., 

190 
Converging lines, correction of 152 
Conversion of speed ratings 55, 56 
Conversion tables 272 
Copying 243 
Corbina 12 
Correction fi Iters 44 
Cross Ru Ie (for sol utions) 82 
Curling, of fi 1m 32 
Cu'rvature of field 170 
Curve, characteristic 137 
Curve, visual 41 

Darkroom 72 
Darkroom, illumination of 72 
Da,rkroom, keeping warm 243 
Daylight 41 
Daylight, color of 46, 217 
Daylight development 29, 74 et. seq. 
Da,ylight loading tank 30 
Daylight tank 28 - 30 
Defects in fi 1m 119 et seq. 
Defi n ition 189 et seq. 
Definition, best stops for 58 
Definition, lack of 65 
Delayed action release 28 
Demineral izer (deion izer) 150 
Density 135 
Depth of field 17 et seq., 20, 22, 23, 

183 et seq. 
Depth-of-field scale 60 
Depth-of-field zones 24 
Desensitizing 107, 120 
Developer: Amidol 87,95, 160 
Developer: Beutler high-resolution 91 
Developer: Compensating 85, 88, 138 
Developer : Composition of 84 
Developer: DK. 20 94 
Developer: exhaustion of 108 
Developer: Fine-grain 70 
Developer: formulae 88 et seq. 
Developer: Glycin 87 

Col - Exp 

Developer: Metol-Hydroqu inone 80 
84 - 87, 146 

Developer: Metol-su lfite 89 
Developer: Pyrocatechol 88, 116 
Developer, rapid 89 
Developer: Sea,se III 90 
Developer, semi-physical 93 
Developer, tank 85 
Developer, tropical 95 
Developer, warm 85 
Developer: Windisch W 22 90 
Developer: Windisch W 665 92 
Development, daylight 29 
Development, to finality 117, 139 
Development, fine grain 54, 68, 85, 

104 et seq. 
Development, of flash pictures 214 
Development, maximum efficiency 146 
Development, paper 144 
Development, rapid 89 
Development, technique of 30, 85 
Development, tempera,ture 107 
Development, time 109 
Development, time, test for 113 
Development, tropical 107 
Diaphragm 17 et seq., 25 
Diffusion, cause of halation 27 
Diffusion disc 251 
Dirty fi I m 119 
Distance 21 
Distance, hyperfocal 20, 60, 193 
Distance, image 178 et seq. 
Distance, object 178 et seq. 
Dista nce, sca Ie 22, 23 
Distortion 58, 171 
Ditto 99 12 
Diverging lenses 168 et seq., 190 
Dodging 158 
Double-coated fi I ms 54, 140 
Drying 32, 78, 117, 165 
Drying marks 31, 119, 266 
Duplicate films 120 
Dyes, sensitizing 38 

Eberhard effect 252 
Ektachrome fi I m 239 
Electricity 195 
Electro-ma,gnetic waves 34, 35 
Electron ic flash 70, 210 
Electronic flash, for color 226 
Electronic flash, exposure time 214 
Eliminators, hypo 247 
Emulsions 249 
Emu Isions, fi ne-gra i n 66 
Emulsions, double-coated 66 
Enlarger types 142 
Enlarging 142 et seq. 
Enlarging, from miniatu're negatives 

151 et seq. 
Enla,rging lens 65, 143 
Equivalent amounts of substitute chemi-

cals 84 
Exhaustion, of fixing bath 95 
Exhaustion of developer 108 
Exposure latitude 140 
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Exp - Gro 

Exposure meter 28, 57, 68, 196, 220 
Exposure, over 140 
Exposure time for artificial light (table) 

197 
Exposure time for color film 220 
Exposure time for electron ic flash 214 
Exposure time extension for fine-grain 

development 92 
Exposure time measuring 23, 25 
Exposure time for moving objects 271 
Exposure time with supplementary 

lenses 191 
Exposure, under 140 
Extension, long, exposure time for 

179, 181 
Extension of exposure time for fine 

grain development 92 
Eye 35, 247 
Eye, graph of the 40 

Faults 52 
Faults in color transparencies 237 
Fenjohn Goggler 263 
Ferrotype polish 150 
Field, angu I ar 176 
Field cameras 66 
Field curvature 170 
Field, depth of 17 et seq., 20 
Field, image 175 
Fill-in lamp 195, 198 
Film 22, 39, 47, 66, 115 et seq. 
Film, color 220 et seq. 
Fi I m, co lor negative 229 
Film, color reversal 231 
Film, double-coated 54, 66 
Fi 1m, dupl icate 120 
Film knife 64 
Fi I m, orthochromatic 39, 199 
Film, ortho-panchromatic 39 
Fi I m packs 79 
Film, panchromatic 22, 45 
Film, recte-panchromatic 39 
Film strips 79 
Film, structure of 244 
F i 1m, t h in-I aye r 54, 66 
Film, warping of 63, 64 
Fi Iters 22, 27, 43 - 44 
Filters, Ansco 236 
Filters, color compensatinq 235 
Filters, color correction 224, 235 
Filters, contrast 44 - 47 
Filters, correction 44 - 47 
Filters, graduated 245 
Filters, haze 44 - 47 
Filters, light-balancing 234 
Filters, neut'ral density (grey) 54 
Filters, polarizinq 253 
Filters, skylight 232 
Fi Iters, testi ng 260 
Filters, ultra-violet 44 - 47 
F i na I ity, development to 117, 139 
Fine-gra,in development 54, 68, 70, 85, 

104 et seq. 
Fi netta 99 12 
Fixed lens ca meras 11 

I • 

I 

Fixers, hardening 96 
Fixers, rapid 31, 76, 96, 116, 164 
Fixing 31, 76 
Fixing bath 31, 74, 95 
Fixing prints 146, 164 
Flare 174 
FI ash 206 et seq. 
Flash bulbs 207 et seq. 
Flash bulbs, FP. 207 
Flash bulbs, M 208 
FI ash bu I bs, ti nted 209, 226 
Flash bu Ibs, X 208 
F I ash cap sui e s 206 
Flash with color 225 
Flash, electronic (strobe) 70, 210 
Flash, electronic (strobe), with color 226 
Flash, electronic (skobe), exposure lime 

for 214 
Flash pictures, development of 214 
Flash powder 206 
Flatten i ng prints 165 
Flexog loss, Ansco 166 
F/numbers 25 - 26 
Focal length 24, 26, 174 et seq. 
Focal length, finding unknown 192 
Focal length, minimum 175 
Focal point 168 et seq. 
Focal plane shutters 61, 66, 207, 257 
Focus, soft 64, 161 
Focusing 26 - 27, 59, 158, 178 et seq. 
Focusi ng tests 17 - 19 
Focusing tests, in enlarging 158 
Fog 74, 118 . 
Fog, aerial 242 
Fog, dichroic 119 
Fog, yellow 119 
Folding cameras 13 
Formalin 245 
Formulae, developer 86 et seq. 
Formulae, optical 180 
Fri II i ng 266 

Gami 10 
Gamma 137 et seq. 
Gaslight paper 79 
Gevaluxe paper 160 
Glass beads 107 
Glass stoppers, sticking 245 
Glazing (hot and cold) 148 
Glazing solution 150 
Glycerine 165 
Glycin 87 
Goggler, Fenjohn 263 
Golden section 245 
Gradation 104 et seq., 135 et seq . 
Gradation, soften ing 163 
Grades, contrast (paper) 80 
Gradient, minimum useful 106 
Graduated fi Iters-245 
Grain 74, 104 et seq. 

(See also under Development) 
Graph of the eye 40 
Gra'phic 35 11 
Grey (neutral density) filters 54 
Grou nd-g I ass screens 245 



Guide numbers 210 
Guide numbers , fer celer 226 

Halatien 27 
Hardening film 245 
Hasselblad 14 
Haze filters 44 
Haze, penetratien ef 44 
Hersche I effect 252 
High -altitude phetegraphy 44, 246 
High -speed films , develeping ef 106 
Heme phetegraphy 194 et seq., 246 
Hyperfecal distance 20 , 60 , 193 
Hype 32, 74 . 
Hype eliminaters 247 
Hype stains 255 

Illuminatien , eniarging , evenness ef 153 
Image 34, 74, 174 
I mage distance 178 
Image scale 180 
I mplements, precessing 73 
Incident light readings 220 
I ndeer phetegraphy 194 et seq. , 246 
Infinity 18 - 20, 178 
Infinity, near te- fecusing 20, 27, 193 
Infl a mmatien , caused by chemicals 251 
Infra-red 36, 172, 248 
Intensification 97 
I nterchangeable lenses , cameras with 12 
I rrad i atien 66 

Knife , film 64 
Kentur viewfinder 264 
Kuli 12 

Lamps 194 
Lamps, demestic 198 
La ndscape phetegraphy 19, 44, 250 
Latent image 74 
Latitude, expesure 140 
Lens 23, 168 et seq. 
Lens, a berratiens ef 170 et seq . 
Lens , achremat 169 
Lens , anastigmat 170 
Lens anastigmat, deu ble 170 
Lens, aplanat 169 
Lens, a pechremat 170 
Lens , ceo ted (bleemed , I u men ized ) 168 
Lens , cenverg I ng 168 et seq . 
Lens , d iverg i ng 168 et seq . 
Lens, enlarging 65, 143 
Lens, feca I length ef 24, 26, 174 et seq . 
Lens fermu lae 180 
Lens , interchangeabil ity ef 65 
Lens , leng fecus 175 et seq ., 188, 200 
Lens , less ef light in 182 
Lens , men iscus 169 
Lens , shert fecus 188 
Lens, seft-fecus 64, 161 , 204 
Lens, supplementa,ry (clese- up) 190 
Lens , te lephete 178 

Lens testi ng 172 
Lens, wi de-ang Ie 175 
Lensheed (su nshade) 28, 53 
Light 34 et seq. 
Light balancing filters 234 
Light, celer ef 46 
Light, less ef, in len ses 182 
Lighting 26 

Gui - Num 

Linhef Super Technika 14, 67 
Leading develeping tanks 29 - 30 
Leng fecus lenses 175 et seq ., 188 
Less ef light in lenses 182 
Lustra lene 164 

Macrephetegraphy 192, 253, 261 
Magnificatien , enlarging , expesure 

ti me dependent en 154 
Make-up (fer pertraiture) 200 
Making up selut iens 32 
Mamya Super 10 
Marks , drying 31, 119 
Mercury intensifier 97 
Megilp 164 
Meter, expesure 28, 57, 68 
Meter, co. ler tem peratu re 218, 223 
Metel-hydrequinene (M-Q ) develepe r 

80, 85 
Metel -sulflte develepe r 89 
Micrephen 91 
Midget Aqualab 150 
Mikrema, 10 
Mimesa Gravura-Carben paper 160 
M iniature cameras (24x36 mm) 11 et seq . 
Miniature cameras (24x36 mm), reflex 

11 - 12 
Miniature negat ives, enlarging frem 

151 et seq . 
Miniature negatives, gamma ef 138 
Miniature phetegraphy 49 et seq. 
Minex 10 - 11 
Minicerd 10 
Minimum useful gradient 106 
Meunting celer slides 227 
Meu nti ng pri nts 166 
Meving subjects 26, 52 
Meving subjects , expesure times fer 271 
Multigam 147 
Multigrade 147 

"Near to. infinity" fecusing 20, 27, 193 
Negative centrast (gamma) 114 et seq . 
Negative maJerial 22, 39, 45, 53 et seq. 
Negative materi a I, testi ng 259 
Negative-pesitive precess (celer) 229 
Negatives , black-and-white , frem celer 

transparencies 224 
Negatives, scratched 159 
Nee-cecci n 120 
Neutral density (grey) filters 54 
Newten 's rings 159, 227 
Night phetegraphy 244 
Nermal viewing distance 53 
Nemegraph, Osram 197 
Numbe rs, guid e 210 
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Obi - Sol 

Object distance 178 et seq . 
Opt ics, theory of 16 et seq ., 168 et seq . 
O'rthochromatic film 39, 199 
Ortho-panchromatic film 39 
Ortho-phenylene diamine 90, 92, 93 
Oxidation products of developer 146 

Packs, fi 1m 79 
Panchromatic film 22, 39, 45 
Pa per, brom ide 143, 158 
Paper, color 230 
Paper, gaslight (chloride) 79 
Pa per, gradation of, soften i ng with 

b i ch ro mat e 154 
Pa per, pri nti ng-out 79 
Paper, testing 260 
Paper, variable contrast 146 
Parallax 62 
Para-phenylene diami ne 90 
Pelikan dye 165 
Percentage solutions 82 
Person process 252 
Perspective 58 
Perspective, aerial 246 
Phenylene diamine: ortho 90, 92 - 93 
Phenylene diamine : para 90, 92 
Photo-electric exposure meter 28, 57, 68, 

196, 220 
Photofloods 23, 194 
Photofloods with color 225 
Photography, miniature 49 et seq. 
Photomicrography 253 
Photometric pri nt control 145 
Picture series 55 
Pigments 37 
Pinhole camera 16 
Plasticity 256 
Point, focal 168 et seq. 
Pola,rizing filter 253 
Polaroid cameras 15 
Pola-screen 232 
Pol ish, fenotype 150 
Portfolio 166 
Potassium bichromate, as intensifier 97 
Potassi u m bichroma'te , for soften ing 

pa per gradation 154 
Po,tassium bromide 86 
Potassium iodide 95 
Potassi u m meta bisu lfite 93 
Potassium permanganate 96,119,247 
Portraits by artificial light 199 
Portra its, outdoor 251 
Principal camera types 10 et seq. 
Print control , photometric 145 
Pri nti ng, contact 79 
Pri nti ng-out pa per 79 
Printing , tricolor 230 
Pri nton , Ansco 231 
Prints , fla.tten i ng 165 
Prism 37 
Processing 72 et seq. 
Projecti ng color sl ides 227 
Projection screen 227 
Pyrocatecho I 88, 116 

Rainbow 38 
Range, brightness 138 
Rangefinder 59 
Rapid developers 84 
Rapid fixers 31, 76, 116, 164 
Reciprocity law, failure of 252 
Recte-panchromatic film 39 
Reducing 97 
Reduc ing, abrasive 254 
Red sensitivity 39 
Reflections in lenses 168, 182 
Reflections, photographing 255 
Reflectors 198 - 199, 222, 251 
Reflex cameras, miniature 11 - 12 
Reflex cameras, single-lens 13 
Reflex co meras, twi n-Iens 13 
Release, delayed-action 28 
Repolisan 159 
Representation of color (black-and-

white film) 38 - 40, 45, 196 
Representation of color (color film) 223 
Res isto I 159 
Resolution 66, 173 et seq. 
Resolving power 66, 173 et seq. 
Restrainer 86 
Reticu lation 266 
Reversal film, color 231 
Rings, Newton's 159, 227 
Rodinal 84 
Rolleiflex system 13 
Rollfilm cameras 13 
Rule, cross (solutions) 82 
Rule of thumb 21 - 23 
Russel effect 252 

Sabattier effect 252 
Safelight 30, 72, 107, 143, 154 
Safelight, bulbs for 72 
Scale, image 180 
Schwarzschi Id effect 252 
Scra,tched negatives 159 
Scratch remover 159 
Screen, ground-glass 245 
Screen, projection 227 
Sease III developer 90 
Self-timer 28 
Semi-physical development 93 
Sensitization 38 - 39, 42 
Sensitometry 256 
Short-focus lenses 188 
Shou Ider of characteristic curve 137 
Shutter, between-lens 256 
Shutter, focal plane 61, 66, 207, 257 
Shutter, speed 22 
Si Iver brom ide 31, 34, 74, 76 
Silver image 34, 74 
Sing Ie lens reflex cameras 13 
S ixtomat x 3 219 
Skyl ight fi Iter 232 
Slides, color 227, 231, 237 
Small objects, photography of 261 
Snapshot system 21 - 23, 26, 51 
Soda ba'th 96, 154 
Softening grain of film 163, 245 
Soft-focus lens 64, 161, 204 
Solari zation 137, 257 
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Solutions, making-up 32, 82 
Solutions, percentage 82 
Spectrum 36 - 37 
Speed , film 25 
Speed, rating 55, 139, 256 
Speed , shutter 22 
Spherica I aberration 171 
Sports pictures 62, 257 
Spotone 165 
Spotting glazed prints 165 
Sprocket wheels 63 
Stage photography 258 
Stains 242, 244 
Sta ins, hypo 255 
Static 163 
Stemar 14 
Stereo attachments 14 
Stereo cameras 14 
Stereotar C 15 
Steritar A 15 
Sterry process 154, 253 
Sti II I ife photography 259 
Stop (clea1ring) bath, acid 31 , 117, 159 
Stop numbers 20 
Stop numbers, calculating 183 
Stopping-down 183 
Streetcar-lines 32, 64, 266 
Stri ps, fi 1m 79 
Subjects, moving 26, 52 
Sunshade (Ienshood) 28, 53 
Super-XX 111 
Supersonic vibrations 259 
Supplementary (close-up) lenses 

190 et seq. 
"Swinging " 62 
Synchron ization 206 

Tables, conversion 272 
Tank, daylight 28, 29, 30, 106 
Tank, daylight-loading 30 
Tank developers 85 
Telephoto lens 178 
Temperature, color 218 
Temperature, color, meter for determin -

ing 218 
Temperature, development 107 
Test for hypo in washing water 96 
Test stri ps 144 
Test for unknown development time 113 
Testi ng exposu're 39 
Testi ng fi Iters 260 
Testing fixer, acidity of 95 
Testing fixer, exhaustion of 95 
Testing focusing 17 - 19 
Testing lenses 172 
Testing negative materials 259 
Testing paper 260 
Theory of development 74 
Thermometer 29 
Thermo Salt 95 
Thin-layer films 54 
Thiocarbamide (thiourea) 119, 148 
Threshold 137 
Thumb, rule of 21 - 23 
Tilting the camera 65 

Ti me, development 109 et seq . 
Time, exposure 23 - 25 

Sol - Zon 

Time, exposure, enlarging 154, 158 
Timer, self 28 
Toe of characteristic curve 137 
Tones, bl ue-bl ack 160 
Tones, warm 161 
Toning 147, 1 64 
Toning-sulfide 147 
Toning thiocarbamide 148 
Tramlines 32, 64, 266 
Transparencies , black-and-white 166 
lransparencies, bl ack-a nd-wh ite, from 

color negatives 224 
Transpa,rencies , color, faults in 237 
Transparencies, color, mounting an d 

projecting 227 
Trays , processi ng 73 
Tr ico lor pri nti ng 230 
Tripod 262 
Tropical development 107 
Tropics, color film 227 

Ultra miniature cameras 10 
Ultra-violet 36, 47 
Ultra-violet fi Iters 44, 172, 246 
Underwater photography 262 
Untidiness 24 
Unsharp photos 44 
Utensils , cleaning 242 

Vari able contrast pa pers 146 
Varigam 147 
Vidax 14 
View, ang Ie of 176 
Viewfi nders 264 
Viewing distance, normal 53, 104 
Vinci , Leonardo da 16 
Viooh (Leica) 63 
Visual curve 41 

W 22 developer 90 
W 665 developer 92 
Warm developer 85 
Warm tones 161 
Warping of fi 1m 63, 64 
Washing 31 , 76 
Wash ing prints 146 
Washing water test for hypo 96 
Waterproof camera casing 263 
Wave lengths 35, 36 
Waves, electro-magnetic 34, 35 
Waves supersonic 259 
Wet film , care of 31 , 32 
Wetting agents 31 
Wheels, sprocket 63 
Wide-angle lenses 175 et seq. 
Windows, included in pictures 247 
Winter Sports 257, 258 
Wiping wet films 31 
Wolff, Dr. Paul 51 , 68, 108, 265 

Zones, depth of field 24, 27 
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ERRATA 

Page 94: the 10th line from the bottom should be 

amended to read: . . . emulsions and it 

has become more and more important to 

produce a fin -grain developer that is 

entirely suitable for use with them. Such 

a developer i Kodak Microdol. 

Page 99: 7th line from above hould be read: 

confused with the amino-acid. 

Page 197: The first stop in the exposure table 

should he f : 2.8 and not f : 2. 

Page 224: The headline No. 13 should be " Transpa

rencies from color negatives". 

1 
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